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repeating  unit.  These  copolymers  are  soluble  in  polar  solvents.  In- 
trinsic viscosities  of  the  new  copolymers  were  measured  in  N,N-di- 
methylformamide,  and  were  found  to  be  in  the  range  of  0.20  dl/g.  The 
copolymer  with  R - diphenyl  methane  showed  very  high  thermal  stability. 

The  purpose  of  the  second  part  of  this  research  was  to  synthesize 
optically  active  polymers  using  H-chiral-triazolinediones  via  the  ene 
reaction.  Thus,  optically  active  pure  S-<-)-  and  R-(+)-4-(o-methyl- 
benzyl )-l,2,4-triazoline-3,5-diones  were  synthesized  using  optically 
pure  amine  by  a series  of  chemical  transformations.  S-(-)CTD  was 
found  to  be  quite  stable  in  solvents  such  as  CHjClj,  toluene  and  ace- 
tone, and  it  decomposes  slowly  in  solvents  such  as  DMF,  DMSO  and  THF. 
The  pseudo  first-order  kinetics  for  such  a decomposition  were  studied. 

The  ene  reaction  of  S-(-)CTD  with  propylene  was  carried  out  in 
order  to  obtain  a model  compound  for  further  use  in  the  study  of  modi- 
fication of  polydienes.  Bromination  of  this  compound  with  a solution 
of  Br_  in  carbon  tetrachloride  furnished  the  desired  dibromide  adduct. 
An  X-ray  diffraction  analysis  of  a single  crystal  of  this  compound  was 
determined.  The  absolute  configuration  was  found  to  be  S,  and  intra- 
molecular hydrogen  bonding  was  observed. 

1,4-  and  1,2-Polydienes  were  modified  with  5-(-)-  and  R-(+)CTDs. 
The  resulting  polymers  are  optically  active.  The  Intrinsic  viscosities 
of  the  modified  polymers  at  various  percents  of  conversion  were  meas- 
ured. The  intrinsic  viscosity  decreases  as  percent  conversion  in- 
creases. This  is  due  to  intramolecular  interaction.  Evidence  for  in- 
tra-  and  intermolecular  associations  was  given  by  X 
the  model  compound  as  well  as  by  IR  spectroscopy. 


X-ray  analysis 


CHAPTER  I 


INTRODUCTION 
General  Background 

The  cycloaddition  reactions  of  compounds  containing  electron-poor 
nitrogen  to  nitrogen  double  bonds  as  dienophiles  have  been  extensively 
studied.1  Although  diethyl  azodicarboxylate,  i,  has  been  used  as  a 
dienophile  since  the  pioneering  work  of  Diels2  on  the  Diels-Alder 
reaction,  no  example  of  a dienophile  having  a cis-azo-llnkage  had  been 
reported  up  to  1960. 


4-Phenyl-l,2,4-triazoline-3,5-dione  (PhTD),  2b,  (the  N-phenyl- 
imide  of  azodi carboxylic  acid)  was  reported  as  long  ago  as  1894  by 
Thiele3  and  later  by  Stolle4  In  1912.  Both  obtained  It  by  oxidation 
of  4-phenyIurazole,  3,  but  were  not  able  to  isolate  it.  The  oxidation 
can  be  accomplished  with  a wide  variety  of  oxidizing  reagents.  Thiele 
used  lead  peroxide  in  cold  dilute  sulfuric  acid;3  Stolle  oxidized 
heavy  metal  salts  of  the  urazoles  with  iodine;4  Cookson  used 


t-butyl hypochlorite  in  acetone;5  Gillis  and  Hagarty  employed  lead 
tetra-acetate  in  methylene  chloride,®  bromine7  and  fuming  nitric  acid;8 
manganese  dioxide,  calcium  hypochlorite  and  N-bromosuccInlmide  will 
also  effect  the  oxidation  of  urazoles.  However,  all  of  the  above 
mentioned  reagents  produce  by-products  which  either  destroy  or  are 
difficult  to  remove  from  the  sensitive  triazolinediones. 

In  1966,  Stickler  and  Pirkle70  discovered  that  the  gaseous  dini- 
trogen tetroxide  is  the  most  effective  oxidizing  agent  that  also  gives 
high  yield  and  purity.  This  was  accomplished  by  passing  gaseous  di- 
nitrogen tetroxide  into  a slurry  of  the  urazole  precursor  in  cold 
methylene  chloride  (-10  to  -5°C);  rapid  formation  of  the  corresponding 
triazolinedione  resulted.  Purification  was  performed  by  evaporation 
of  the  solvent  followed  by  sublimation  at  reduced  pressure  which 
furnished  the  crystalline  triazolinedione. 

Moore  and  coworkers77  recently  reported  the  oxidation  of  urazole 
and  subsequent  reaction  in  situ.  Oxidation  was  achieved  via  an  ac- 
tivated isocyanate,  4,  such  as  p-toluenesulfonyl  Isocyanate  in  di- 
methyl sulfoxide,  j>.  The  proposed  mechanism  for  this  oxidation  is 
shown  in  Scheme  I.  The  extent  of  oxidation  was  determined  spectro- 


photometrically. 


2b 


Although  a series  of  4-substituted  triazolinediones  have  been 
prepared  in  this  fashion  and  isolated,  the  parent  compound  (R=H)  has 
never  been  Isolated,  possibly  due  to  its  extremely  high  reactivity. 

It  was  first  synthesized  by  Stolle,  who  was  not  able  to  isolate  it. 
DeAmezua  and  coworkers ^ prepared  the  compound  at  low  temperature  and 
trapped  it  in  situ  with  several  dienes  via  the 


Oiels-Alder 


Herweh  and  Fantazier13  synthesized  this  compound  by  oxidation  of  ura- 
zole  with  dinitrogen  tetroxide  and  lead  tetraacetate  and  trapped  it 
with  dienes.  They  also  investigated  the  decomposition  product  by 
oxidizing  urazole  with  dinitrogen  tetroxide  gas  at  room  temperature 
and  collecting  the  gases  evolved,  such  as  nitrogen,  carbon  dioxide  and 
cyanuric  acid. 

4-Substituted-l,2,4-triazo11ne-3,5-diones  are  very  sensitive  to 
acid,  base,  alcohol,  light,  heat,  and  moisture;  therefore,  they  should 
be  kept  in  tight  bottles  away  from  light  and  moisture.  These  compounds 
are  very  reactive  dienophiles  as  well  as  enophiles.  The  chemistry  of 
triazolinediones,  with  the  exception  of  their  enhanced  reactivity  due 
to  cis-configuration,  is  similar  to  that  of  diethyl  azodicarboxylate 
and  other  a-carbonyl  azo  compounds.33"33  It  has  been  reported  that 
PhTD  is  1000  times  more  reactive  in  the  Diels-Alder  reaction  with  2- 
chlorobutadiene  than  tetracyanoethylene  (TONE)33  and  2000  times  more 
reactive  than  maleic  anhydride.34  4-Methyl-l,2,4-triazoline-3,5- 
dione  (4-MeTD),  2a,  has  been  reported  to  be  at  least  30,000  times  more 
reactive  toward  cyclohexene  than  its  open  chain  analogue,  diethyl  azo- 
dicarboxylate.33 

Cookson  and  coworkers5’36  investigated  the  Diels-Alder  reaction  of 
4-PhTD  with  butadiene  and  cyclopentadiene  at  low  temperature  which  re- 
sulted in  the  adducts  8 and  9,  respectively.  After  this  work  was  pub- 
lished, an  extensive  amount  of  research  related  to  Diels-Alder  reac- 
tion of  triazolinediones  with  various  dienes  was  reported.37"33 


Although  ergosterol,  10,  reacts  slowly  with  maleic  anhydride,33 
and  its  reaction  with  diethyl  azodicarboxylate*4  leads  to  the  hydrogen 
abstraction-addition  reaction  (the  “ene"  reaction),  4-PhTD  (2a)  re- 
acts with  ergosterol  via  the  Diels-Alder  reaction37  at  0°C.  This  re- 
action is  fast  and  leads  to  the  incorporation  of  the  hydrazo  bridge 
into  ring  B of  ergosterol.  The  complete  chemical  transformations 
which  give  the  hydrazo  derivative  are  shown  in  Scheme  II.  The  hy- 
droxyl group  of  ergesterol  also  could  react  with  4-PhTD,  but  it  was 
not  mentioned  in  this  paper. 

The  cycloaddition  reaction  of  4-phenyl-l,2,3-triazoline-3,5- 
dione,  2a,  with  cyclooctatetraene,  14,  was  first  reported  by  Cookson 
and  coworkers  in  1967. 35  The  reaction  was  performed  at  100°C  in  di- 
oxane  and  afforded  exclusively  the  normal  adduct  16  in  a 32*  yield. 
Reinvestigation  of  this  reaction  under  the  same  conditions  by  Evnin 
and  coworkers36  revealed  that  the  adducts  16  and  J7  are  formed  in 
about  a 1:1  ratio  on  the  basis  of  the  NMR  spectrum  of  the  crude  mix- 
ture. They  also  found  that  this  reaction  at  25°C  in  an  acetone-ben- 
zene mixture  gives  adduct  J7  in  a 30-35*  yield  and  adduct  16  in  less 


than  0.5*  yield. 


Scheme  II 


The  Diels-Alder  reaction  of  isopyrazoles  19  with  4-PhTD  was 
studied  by  Arnold  et  al. 38,39  A specific  example  of  this  reaction 
is  shown  in  Scheme  IV.  This  reaction  occurs  at  room  temperature,  and 


Scheme  IV 


19 


the  a20  adduct  20  is  crystalline  and  can  be  readily  Isolated.  It  is 
also  light  sensitive,  but  can  be  stored  for  many  months  in  the  dark 
at  room  temperature.  This  type  of  azo  adduct  will  decompose  thermally 
and  photochemically  via  loss  of  nitrogen  to  yield  a 1,3-diradlcal , 21, 
which  either  disproportionates  intramolecularly  to  22  or  closes  to 
form  the  bicyclo  [2.1.0]  pentane  derivatives  23,  as  shown  in  Scheme  V. 
This  Diels-Alder  reaction  is  Interesting  since  one  could  synthesis  co- 
polymers containing  azo  groups  in  their  repeating  unit  by  employing 
the  reaction  of  bis-triazolinediones  with  bis-isopyrazoles. 

4-PhTD,  2a,  was  treated  with  a wide  variety  of  dienes  to  yield 
adducts  of  structure  25.  These  compounds  were  further  converted  to 
cis-azoxy  alkanes  27  by  a series  of  chemical  reactions1*0  as  shown  in 


Scheme  VI 


Pn'sroane,  32,  Is  a compound  with  molecular  formula  CgHg  in  which 
six  carbon-hydrogen  units  are  disposed  at  the  corners  of  a triangular 
prism.  Ladenburg413  first  proposed  its  structure  for  benzene  114  years 
ago.  This  compound  was  prepared  by  Katz  and  Acton***’  by  using  the  cyclo- 
addition  reaction  of  benzvalene,  27,  with  4-PhTD,  2a,  followed  by 
other  chemical  transformations  as  outlined  in  Scheme  VII.  The  mecha- 
nism of  the  formation  of  adduct  28  was  also  investigated  by  the  same 


11 


The  cycloaddition  reaction  of  a strained  bicyclic  olefin  with 
4-PhTD  was  used  to  generate  the  unknown  tricyclic  azoalkane1*3  37. 

The  formation  of  the  cycloadduct  was  proposed  to  proceed  via  dipolar 
addition,  followed  by  rearrangement  as  is  shown  in  Scheme  VIII. 
Scheme  VIII 


The  2+2  cycloaddition  reaction  of  4-PhTD  with  dihydro-ll4-dioxime 
and  indene  was  observed  by  Von  Gustorf  and  coworkers. **  The  cyclo- 
adducts 38  and  39  were  isolated.  The  indene  reaction  pathway  was 
thought  to  be  polar  in  nature,  as  the  proposed  1,4-dipolar  interme- 
diate was  trapped  with  water. 


38  39 


As  previously  mentioned,  triazolinedione  is  also  an  extremely 
powerful  enophile  and  can  participate  in  the  "ene"  reaction.  The  ene 
reaction,  first  recognized  and  systematically  investigated  nearly  40 
years  ago  by  Alder, ^ usually  involves  the  thermal  reaction  of  an  ole- 
fin containing  an  allylic  hydrogen  (ene)  with  an  electron-deficient 
multiple  bond  (enophile)  to  form  a 1:1  adduct  as  shown  below: 

C * " ^ o 

This  reaction  is  structurally  related  to  the  Diels-Alder  reaction^® 
and  [1.5]-sigmatropic  shifts®  in  that  they  all  have  a cyclic  6e 


transition 
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Mechanistic  and  preparative  aspects  of  the  ene  reaction  were  com- 
prehensively reviewed  by  Hoffmann  in  1964. 48  The  ene  reaction  can 
occur  in  a concerted  fashion  as  well  as  stepwise  via  biradical  or 
ionic  intermediates. 

When  the  geometry  is  such  that  the  enophile  can  simultaneously 
attack  the  " electrons  and  the  allylic  hydrogen  atom  of  the  ene  compo- 
nent, a facile  reaction  appears  to  take  place  via  a concerted  mecha- 
nism Involving  a cyclic  transition  state.48  The  most  likely  geometry 
of  approach  for  the  component  of  an  ene  reaction  is  shown  (40). 


The  concerted  ene  reaction  is  thermally  allowed;  its  transition 
state,  41,  is  aromatic  in  the  sense  that  it  is  a Hiickel  system  and  in- 
volves a suprafacial  interaction  of  six  electrons  (four  from  the  it 
bonds  and  two  from  the  o bond).  Using  the  general  terminology  of 
Woodward  and  Hoffmann,  it  can  be  regarded  as  a o2S  + n2S  + n2S  reac- 
tion.48 

The  ene  reaction  of  4-methyl-l,2,4-triazoline-3,5-dione  with  some 
monoolefins  having  allylic  hydrogens  was  first  reported  by  Pirkle  and 
Stickler.  8 Pasto  and  Chen88  investigated  the  ene  reaction  between 


4-PhTO  and  (4-phenyl butyl ldene) -cyclopropane  and  obtained  the  adduct 
42. 


A highly  reactive  bifunctional  enophile,  bis(p-3,5-dioxo-l,2,4- 
triazoline-4-ylphenyl (methane,  43,  was  first  synthesized  by  Seville.®1 
The  ene  reaction  of  this  compound  with  different  types  of  allylic 


olefins  (e.g. , trans-2-butene,  2-methyl  pent-2-ene)  was  studied,  and 
relatively  polar  bis-ene-adducts  were  formed  in  a few  seconds.  He 
also  studied  the  addition  of  this  compound  to  a solution  of  natural 
rubber  which  resulted  in  instant  gelation  due  to  crosslinking. 


3.8  ±0-2 


46 


Butler  and  coworkers53"62  used  4-R-TD's  and  bis-triazolinediones 
as  dlenophlles  as  well  as  enophiles.  Butler,  Guilbault  and  Turner53 
studied  the  reaction  of  4-R-TD's  with  vinyl  ethers  and  obtained  the 
low  molecular  weight  copolymers  containing  repeating  units  47  and  48. 
formed  via  a 1,4-dipolar  pathway.  The  evidence  presented  for  the 
existence  of  the  1,4-dipolar  intermediate  49  was  based  on  the  fact 
that  it  was  trapped  via  a cycloaddition  reaction  with  alkyl  ketones,5* 
which  resulted  in  a novel  1,3,4-tetrahydrooxadiazine  ring  structure, 
50.  This  intermediate  also  can  disappear  via  ring  closure  to  yield 
the  diazetidine  51,  as  shown  in  Scheme  X. 
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51 


Vinyl  esters  were  expected  to  react  with  4-PhTO  in  a similar  man- 
ner as  vinyl  ether;  thus,  Wagener,  Turner  and  Butler55  investigated 
the  reaction  of  4-PhTD  with  vinyl  esters  as  shown  in  Scheme  XI.  An 
unexpected  product,  54,  was  observed  which  was  explained  satisfactor- 
ily via  an  intramolecular  rearrangement  of  the  Zwitterion55'58  53 
(route  e).  In  the  case  of  vinyl  acetate,  the  product  distribution  via 
routes  a,  b and  c was  found  to  be  7,  9 and  84*,  respectively.  This 
1,4-dipolar  rearrangement  was  later  used  by  Wagener,  Matyjaszewskl  and 
Butler57,58  as  a propagation  pathway  in  copolymerizations  of  bistriazo- 
linediones  with  divinyl  esters  and  other  bis-enol  esters.  An  example 
of  such  a copolymerization  is  given  in  Scheme  XII. 


54  84% 


The  structures  of  the  products  and  the  kinetics  of  the  ene  reac- 
tion between  4-R-TD‘s  and  various  alkenes  were  also  investigated  by 
Ohashi  et  al.69  and  Ohashl  and  Butler.60  The  rates  of  the  ene  reac- 
tion of  4-PhTD  with  various  alkenes  were  observed  to  follow  the  order: 


21 
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61  62  63 

CH,  .n-C.H  CH,  ,CH,  CH,  XH. 

„>H»  <!h=Q- <f—C 


Williams  and  Butler61,62  studied  the  reaction  of  4-PhTO  with  B- 
dicarbonyl  compounds  as  shown  in  Scheme  XIII. 


Scheme  XIII 


73  100%  enol 
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The  above  reaction  is  fast  at  room  temperature  and  yields  both  1:1 
adduct  73  and  2:1  adduct  72.  The  1:1  adduct  showed  a dramatic  sta- 
bilization of  the  enolic  tautomer  in  comparison  to  the  original  B- 
dicarbonyl  compound.  According  to  the  above  reaction,  it  is  apparent 
that  B-dicarbonyl  compounds  are  bifunctional  toward  the  addition  reac- 
tion with  triazolinedione.  Thus,  a copolymerization  reaction  was  per- 
formed by  the  same  authors,  and  an  alternating  copolymer  with  repeat- 
ing unit  74  was  synthesized. 


Ohashi,  Ruch  and  Butler63  recently  showed  that  trimethylallyl- 
silane,  75,  reacts  with  4-PhTD  to  yield  the  three  products  78,  81  and 
82.  The  temperature  and  solvent  effects  were  studied.  The  reaction 
Is  outlined  in  Scheme  XIV. 

They  found  that  in  benzene,  the  least  polar  solvent  used,  the 
relative  yields  of  81  and  78  were  75*  and  9*.  respectively,  while  in 
the  most  polar  solvent,  acetonitrile,  the  yields  were  28*  and  67*. 
respectively.  The  effect  of  temperature  on  the  relative  yields  of 


Scheme 


the  adducts  was  also  observed.  The  relative  ratio  of  the  normal  ene 
reaction  products  increases  as  a result  of  increasing  temperature. 

All  products  were  identified  by  NMR,  ' NMR  and  mass  spectrometry. 
The  authors  concluded  that  the  reaction  mechanism  should  be  ionic  and 
proposed  a Zwitterionic  intermediate,  79.  They  also  mentioned  that  in 
polar  solvents,  the  intermediate  would  be  more  stable  and  would  there- 
fore form  more  easily.  At  high  temperatures,  this  intermediate  would 
be  less  stable. 

4-R-TD's  have  also  been  used  as  oxidizing  reagents.  Cookson 
et  al.64  reported  the  oxidation  of  alcohols  to  aldehydes  and  ketones 
with  4-PhTD.  This  reaction  takes  place  at  room  temperature  over  a few 
hours  and  gives  ketones  or  aldehydes  in  high  yield.  Dibenzyl  hydra- 
zine, 83,  can  be  oxidized  using  4-PhTD  as  an  oxidizing  agent  to  yield 
N-nitrene,  85,  which  then  can  react  with  a second  molecule  of  4-PhTD 
to  yield  an  azimine,6^'66  86  (Scheme  XV). 

Scheme  XV 
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Research  Objectives 

This  work  can  be  divided  Into  two  related  parts  which  employ 
mono  as  well  as  bis-triazolinediones  as  dienophiles  and  enophiles. 

The  first  part  of  this  study  concerns  the  selection  of  a plasti- 
cizer for  the  development  of  a new  elastomeric  impression  materials 
system  using  bis-triazolinediones  as  crosslinking  agents.  The  objec- 
tives of  this  study  were  as  follows: 

1.  Synthesis  and  characterization  of  model  compounds  by  the 
reaction  of  4-Ph,  MeTD's  with  the  selected  plasticizer. 

2.  Evaluation  of  the  reactivity  of  this  plasticizer  with  bis- 
triazolinediones  which  could  lead  to  the  formation  of  new  alternating 
copolymers,  followed  by  a study  of  their  physical  properties. 

The  second  part  of  this  study  concerns  investigation  of  the  reac- 
tion of  optically  active  triazolinediones  with  polydienes.  The  ob- 
jectives of  this  study  were  as  follows: 

1.  Synthesis  of  the  N-4-chiral -substituted  triazolinediones. 

2.  Preparation  of  model  compounds  by  the  ene  reaction  of  chiral' 
triazolinediones  with  alkenes  having  allylic  hydrogens. 

3.  An  X-ray  crystallography  study  on  the  model  compound  to  con- 
firm its  structure,  absolute  configuration  and  extent  of  hydrogen 
bonding. 

4.  Use  of  chiral  triazolinediones  to  introduce  optical  activity 
into  polydienes  and  a study  of  their  physical  properties.  A possible 
application  of  such  modified  polymers  would  be  as  an  optically  active 
ion-exchange  material  for  resolution  of  racemates. 


CHAPTER  II 


EXPERIMENTAL 
General  Information 

Optical  rotations  were  measured  by  either  a Rudolph  Research 
Autopol  III  Automatic  or  a Perkin-Elmer  Model  141  Polarimeter  at 
25°C  (RT).  All  concentrations  are  reported  in  mg/ml.  Specific  ro- 
tations were  calculated  from  the  following  equation: 

W "-T77- 

where  [a]  = specific  rotation  (degrees),  a = observed  rotation  (de- 
grees), 1 = pathlength  (decimeters),  and  c = concentrations  (g/ml  of 
solution). 

All  temperatures  are  uncorrected  and  are  reported  in  degrees 
centigrade.  Melting  points  were  determined  in  open  capillary  tubes 
using  a Thomas-Hoover  melting  point  apparatus.  Pressures  are  ex- 
pressed as  millimeters  (mm)  of  mercury.  Elemental  analyses  were 
performed  by  the  University  of  Florida,  Department  of  Chemistry, 
Gainesville,  Florida,  and  Atlantic  Microlabs,  Inc.,  Atlanta,  Georgia. 

Low  resolution  mass  spectra  (LRMS)  and  high  resolution  mass 
spectra  (HRMS)  were  recorded  on  an  Associated  Electronic  Industries 
(AEI)  Model  MS-30  spectrometer. 

Intrinsic  viscosities  were  measured  by  standard  procedures  using 
a Cannon-Ubbelohde  semimicro  viscometer  (dilution  viscometer). 
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Number  average  molecular  weights  (HI  of  polymers  were  deter- 
mined by  membrane  osmometry  (MO)  on  a llescan  Model  230  Recording  Mem- 
brane Osmometer  Apparatus. 

Differential  Scanning  Calorimetry  data  for  polymers  were  taken 
on  a Perkln-Elmer  DSC  IB;  all  data  on  thermal  transitions  are  re- 
ported in  degrees  centigrade  and  are  uncorrected. 

Infrared  (IR)  spectra  were  recorded  on  a Perkin-Elmer  281  Infra- 
red Spectrophotometer.  The  observed  frequencies  are  expressed  in 
wavenumbers  (cm-1)  using  the  1601  cm"1  line  of  a polystyrene  film  as 
a standard.  Spectra  of  oils  and  liquids  were  obtained  neat  as  a 
smear  on  sodium  chloride  or  potassium  chloride  plates,  and  those  of 
solids  were  performed  by  using  Nujol  Mulls  or  KBr  pellets.  Vibra- 
tional transitions  frequencies  are  reported  in  wavenumbers  (cm-1), 
with  the  intensity  of  the  bands  being  assigned  the  following  classi- 
fications: weak  (w),  medium  (m),  shoulder  (sh),  strong  (s),  broad 
(br). 

Proton  nuclear  magnetic  resonance  (NMR)  spectra  (60  MHz)  were 
recorded  on  a Varian  EM-3601  spectrometer.  Carbon-13  (25.0  MHz)  and 
100  MHz  proton  NMR  spectra  were  obtained  on  a Jeol  JNM-FX-100  in- 
strument. 1H  NMR  (300  MHz)  and  75  MHz  carbon-13  spectra  were  deter- 
mined on  a Nicolet  NT-300  instrument.  Chemical  shifts  are  given  in 
parts  per  million  (ppm)  on  a 6 scale  downfield  from  tetramethylsilane 
(TMS)  or  solvent  peaks  [dimethyl  sulfoxide-dg  (DMS0-d6)  = 2.49,  1H; 
39.5,  13C  or  chloroform-d  (CDC1 3 ) = 7.24,  *H;  77.0,  13C].67  Multi- 
plicities of  proton  and  off-resonance  decoupled  carbon-13  resonances 
are  designated  as  singlet  (s),  doublet  (d),  triplet  (t),  quartet  (q), 
pentet  (p),  multiplet  (m),  or  broad  (br). 
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Ultraviolet  and  visible  spectra  were  measured  with  a Perkin- 
Elmer  330  spectrophotometer. 

Reagents  and  Solvents 

Reagents  were  purchased  from  Fisher  Scientific  Co.,  Aldrich  Chem- 
ical Co.,  or  Mallinkrodt,  Inc.,  unless  otherwise  noted.  Deuterated 
NMR  solvents  were  obtained  from  Merck  & Co.,  Inc.,  and  Aldrich  Chem- 
ical Co.  All  gaseous  reagents  were  obtained  from  Matheson  Co. 

All  solvents  used  for  general  application  were  of  reagent  grade 
or  ACS  grade  quality.  For  special  purposes,  purification  of  solvents 
was  carried  out  by  following  procedures  reported  in  the  literature. 
Thus,  dimethyl  formamide  (DMF)  was  allowed  to  stand  over  potassium 
hydroxide  pellets  overnight  and  was  distilled  from  calcium  oxide  at 
SO'C  under  reduced  pressure;  toluene  was  refluxed  over  calcium  oxide 
for  a period  of  12  hours,  then  was  distilled  at  atmospheric  pressure. 

Synthesis  of  4-Subs t ituted-1. 2, 4-triasol ine-3,5-diones 
Ethyl  hydrazine  carboxvlate6,69 

Into  a 1000  ml  three-necked  round-bottomed  flask  was  placed 
156.25  g (2.0  moles)  of  hydrazine  monohydrate  (64*  in  HjO)  and  236  g 
(243  ml,  2.0  moles)  of  diethylcarbonate.  The  mixture  turned  to  a 
milky  solution.  The  flask  was  shaken  vigorously  to  mix  the  two  liq- 
uids. After  about  2 minutes,  the  milky  emulsion  became  warm;  shaking 
was  continued  until  a clear  solution  was  obtained  (approximately  10 
minutes),  and  the  flask  was  then  fitted  with  a water-cooled  condenser 
attached  to  a drying  tube  containing  calcium  chloride  and  heated  at 
reflux  for  4.5  hours.  After  cooling,  the  clear  solution  was  trans- 
ferred to  a 500  ml  round-bottomed  flask  and  distilled  through  a 15  cm 


vigreux  column  under  reduced 


- • By-products  (206  ml) 


col- 


lected (18  mm,  80°C).  The  product  was  a colorless  liquid,  176.72  g 
(85.0%);  b.p.  102-103°C  at  18  mm  Hg.  The  clear  liquid  solidified  on 
standing  to  a white  solid;  m.p.  44-46°C  (lit.6  45-47°C). 

IR  (neat):  3340  (s),  2988  (m),  2940  (w),  1715  (s),  1635  (m), 
1510  (s),  1405  (m),  1380  (w),  1370  (w),  1280  (s),  1185  (s),  1068  (s), 
930  (w,  br),  880  (w),  775  (w)  cm'1. 

NMR  (OMSO-dj,  TMS) : 6 1.16  (t,  3H,  J - 7.0  Hz),  4.01  (q,  2H, 
J - 7.0  Hz),  4.01  (s,  2H,  NHg  peak  is  exactly  in  the  middle  of  quar- 
tet, so  both  are  reported  here  at  4.01  ppm),  8.04  (s,  br,  1H). 
l-Ethoxvcarbonvl-4-phenvlsemicarbazide6 ,69,7° 

Into  a 1000  ml  three-necked  round-bottomed  flask  equipped  with  a 
constant  pressure  dropping  funnel,  a mechanical  stirrer,  and  reflux 
condenser  fitted  with  a drying  tube  containing  silica  gel  was  charged 
52.0  g (0.500  mole)  of  ethyl  hydrazine  carboxylate  (ethyl  carbazate) 
and  550  ml  benzene.  The  solution  was  cooled  in  an  ice-water  bath  to 
about  10°C,  and  the  stirrer  was  started.  To  the  solution  was  added 
dropwise  59.7  g (55  ml,  0.50  mole)  of  phenyl  isocyanate  over  a period 
of  40  minutes.  A white  precipitate  formed  after  about  one-half  of 
the  isocyanate  had  been  added.  After  the  addition  was  complete,  the 
ice  bath  was  removed,  and  the  mixture  was  stirred  at  room  temperature 
for  2 1/2  hours,  then  was  heated  by  means  of  a heating  mantle  under 
reflux  for  2 hours.  At  the  end  of  the  refluxing  period,  the  slurry 
mixture  was  allowed  to  cool  to  room  temperature,  and  the  white  solid 
was  collected  by  suction  filtration,  washed  with  500  ml  of  benzene, 
and  then  dried  in  a vacuum  desiccator  for  24  hours,  yielding  104.0  g 
(93%);  m.p.  146-148”C  (lit.69  154-155°C). 


IR  (KBr):  3360  (s),  3220  (s).  3047  (m),  2980  (w),  1710  (s), 

1670  (s),  1600  (s),  1540  (s),  1500  (m),  1475  (m),  1440  (m),  1370  (w), 
1315  (m),  1230  (s),  1058  (m),  1020  (m),  890  (m),  750  (m),  690  (m)  cm"1. 

!H  NHR  (DMSO-dg,  TMS):  6 1.19  (t.  3H,  J - 7.0  Hz),  4.07  (q,  2H, 

J - 7.0  Hz),  7.19  (m,  5H),  8.01  (s,  1H),  8.73  (s,  1H),  8.93  (s,  1H). 

13C  NMR  (DMSO-dg,  TMS,  Int.  ref.  DMSO-dg):  6 14.55,  60.55, 

118.50,  121.87,  128.59,  139.70,  155.64,  157.00. 

4-Phenyl  Urazole69 * 36 

1 -Ethoxycarbonyl -4-phenyl semi carbazi ne  (44.6  g,  0.20  mole)  was 
placed  In  a 500  ml  Erlenmeyer  flask,  and  100  ml  of  4 M KOH  was  added. 
The  suspension  was  warmed  on  a hot  plate  and  stirred  by  means  of  a 
magnetic  stirrer  for  1.5  hours.  Then,  80  ml  of  4 M KOH  was  added  to 
make  sure  that  the  reaction  had  taken  place  to  a large  extent.  The 
hot  solution  was  filtered  by  suction  filtration.  The  filtrate  was 
cooled  in  an  ice  bath  and  then  acidified  with  concentrated  hydrochloric 
acid  (about  50  ml).  A white  solid  was  precipitated,  filtered,  and 
then  dried  in  a vacuum  oven  at  room  temperature  to  yield  31.50  g 
(89.0*)  of  product.  Recrystallization  from  hot  water  (about  300  ml) 
furnished  a white  crystalline  compound;  m.p.  214-215°C  (lit.69  209- 
210°C). 

IR  (KBr);  3410  (w),  3140  (s,  br),  1780  (sh),  1680  (s),  1600  (w), 
1495  (s),  1440  (s),  1290  (w),  1225  (w),  1115  (m),  1070  (w),  1030  (w), 
1010  (w),  910  (w),  775  (s,  br),  690  (s),  625  (s)  cm'1. 

'h  NMR  (DMS0-d6,  TMS);  6 7.45  (m,  5H),  10.40  (s,  br,  2H). 

13C  NMR  (DMSO-dg,  TMS,  int.  ref.  DMSO-dg);  « 126.50,  127.81, 
128.98,  132.05,  153.69. 


-Phenyl -1 ,2 ,4-triazol 1ne-3.5-dione* 


Into  a 500  ml  three-necked  round-bottomed  flask  equipped  with  a 
gas  inlet  tube  and  a magnetic  stirring  bar  was  placed  6.0  g (0.034 
mole)  of  4-phenyl  urazole,  350  ml  of  methylene  chloride,  and  60.0  g 
of  anhydrous  sodium  sulfate.  The  suspension  was  stirred  by  a magnetic 
stirrer  and  cooled  to  -5°C  with  an  ice-salt  bath.  Gaseous  dinitrogen 
tetroxide  was  bubbled  slowly  through  the  solution  for  15  minutes. 

After  a few  minutes,  a deep-red  color  appeared.  The  temperature  was 
kept  below  0°C.  The  red  solution  was  allowed  to  stir  for  30  more 
minutes,  then  was  filtered.  The  excess  N^O^  was  removed  with  dry  ni- 
trogen gas  (about  3 hours).  Methylene  chloride  was  removed  by  rotary 
evaporation  to  give  5.25  g (88.5)  of  crystalline  red  solid!  m.p.  172- 
173°C  soft,  187-197°C  (dec)  [lit.69  165-175°C  (dec)]. 

Elemental  analysis  calculated  for  CgHjNjOj : C,  54.86;  H,  2.88; 

N,  23.99.  Found:  C,  54.92:  H,  2.93;  N,  24.00. 

IR  (KBr):  3540  (w),  3060  (w),  1755  (s,  br),  1620  (w),  1593  (m), 
1525  (m),  1500  (m),  1450  (w),  1395  (s),  1315  (w),  1285  (m),  1173  (s), 
1070  (m),  1025  (m),  985  (w),  910  (w),  892  (m),  765  (m),  720  (s),  670 
(s),  605  (m)  cm'1. 

1-Ethoxycarbonvl -4-methyl  semi ca  rbaz i de*° 

Into  a 300  ml  three-necked  round-bottomed  flask  fitted  with  a 
mechanical  stirrer,  an  addition  funnel,  a thermometer,  and  a water- 
cooled  condenser  attached  to  a drying  tube  containing  silica  gel  was 
placed  20.85  g (0.197  mole)  of  the  ethyl carbazate  and  125  ml  of  ben- 
zene. Stirring  was  started,  and  the  solution  was  cooled  to  10°C.  To 
this  mixture,  a solution  of  11.29  g 


(0.197  mole)  of  methyl  isocyanate 


In  50  ml  of  benzene  was  added  dropwise  over  a period  of  15  minutes 
through  the  addition  funnel,  with  the  temperature  being  kept  between 
10-20°C.  A white  precipitate  formed.  The  slurry  mixture  was  stirred 
at  room  temperature  for  3 hours.  The  white  solid  was  filtered,  washed 
with  cold  benzene,  then  dried  in  a vacuum  desiccator  for  24  hours  to 
yield  30.70  g (96.5%)  of  product;  m.p.  141.5-143°C. 

IR  (KBr):  3320  (s),  3220  (s),  3040  (m),  2990  (m),  2940  (w), 

1720  (s),  1660  (s),  1575  (s),  1540  (s),  1460  (w),  1440  (w),  1410  (m), 
1370  (w),  1285  (s),  1225  (s),  1140  (m).  1050  (s),  915  (w),  880  (w), 

755  (w),  680  (m,  br)  cm  *. 

*H  NMR  (DMSO-dg,  TMS):  6 1.18  (t.  3H,  J = 7.2  Hz),  2.56  (d,  3H, 

J = 4.4  Hz),  4.03  (q,  2H,  J - 7.2  Hz),  6.29  (q,  1H,  J = 4.4  Hz),  7.74 
(s,  1H),  8.73  (s,  1H). 

l3C  NMR  (DMSO-dg,  TMS,  int.  ref.  DMS0-dg):  6 14.60,  26.29,  60.50, 
157.05,  159.05. 

4-Methvl  Urazole10 

Into  a 125  ml  Erlenmeyer  flask  was  added  10.0  g (0.0620  mole)  of 
l-ethoxycarbonyl-4-methylsemicarbazide  and  23.0  ml  (0.0896  mole)  of 
4M  potassium  hydroxide.  The  mixture  was  stirred  by  a magnetic  stir- 
rer and  warmed  (60-70°C)  for  about  30  minutes.  A pale-yellow  solution 
was  obtained,  which  was  cooled  in  an  ice  bath  and  acidified  with  con- 
centrated hydrochloric  acid  (about  8 ml  is  required).  A white  solid 
formed,  which  was  filtered  using  suction  filtration,  and  then  dried 
in  a vacuum  oven  at  104°C  for  2 hours.  The  mother  liquor  was  evapo- 
rated to  50*  of  its  volume  on  a rotary  evaporator  to  obtain  more  white 
solid.  The  additional  4-methyl  urazole  recovered  was  combined  with 


that  previously  obtained,  making 


weight  6.1 


g (90.3*).  The 
crystals;  m.p. 


solid  was  recrystallized  from  methanol  to  yield  needle 
235-236°C  (lit.10,69  240°C  and  233°C). 

IR  (KBr):  3100  (s,  br),  2810  (sh),  1685  (s,  br),  1498  (s),  1410 
(w),  1270  (w),  1200  (w),  985  (m),  800  (s),  760  (m)  cm"1. 

NMR  (DMS0-dg,  TMS):  6 2.90  (s,  3H),  10.01  (s,  2H). 

13C  NMR  (OMSO-dg,  TMS,  int.  ref.  DMSO-dg):  6 24.44,  155.50. 
4-Methvl-1.2.4-triazoline-3.5-dlone19 

Anhydrous  sodium  sulfate  (35.0  g),  methylene  chloride  (350  ml), 
and  4-methyl  urazole  (6.0  g,  0.052  mole)  were  placed  Into  a 500  ml 
three-necked  round-bottomed  flask  which  was  fitted  to  a gas  inlet 
tube.  The  slurry  was  stirred  by  a magnetic  stirrer  and  cooled  to  -6°C 
with  an  Ice-salt  bath.  Gaseous  dinitrogen  tetroxide  was  bubbled  slow- 
ly through  the  solution  over  a period  of  15  minutes.  The  temperature 
was  kept  below  0°C.  After  a few  minutes,  a deep-pink  color  developed. 
The  pink  solution  was  allowed  to  stir  for  20  minutes  more,  then  was 
filtered.  The  excess  N204  was  swept  out  with  dry  nitrogen  (about  3 
hours).  The  deep-pink  solution  was  evaporated  using  lukewarm  water 
on  a rotary  evaporator  to  yield  5.30  g (90.0*)  of  pink  crystals;  m.p. 
105-106°C  (lit.10  98-98. 5°C).  The  product  did  not  require  further 
purification,  and  was  stored  in  the  absence  of  light  in  a desiccator 

Elemental  analysis  calculated  for  C3H3Nj02;  C,  31.87;  H,  2.67;  N, 
37.16.  Found:  C,  31.89;  H,  2.67;  N,  37.10. 

IR  (KBr):  3585  (w),  2960  (w),  1780  (s),  1730  (s),  1538  (w),  1500 
(w),  1443  (s),  1390  (s).  1270  (s),  1100  (s),  1022  (w),  860  (s),  735 
(s),  670  (s),  625  (m)  cm'1. 


Reaction  of  Isoeuqenol  (91)  With  Methvl  Isocyanate7* 
Synthesis  of  2-Hethoxv-4-propenv1 phenyl  methvlcarbamate  (93) 

Into  a 500  ml  one-necked  round-bottomed  flask,  10.0  g (0.0609 
mole)  of  isoeugenol  (2-methoxy-4-propenyl phenol ) was  dissolved  In  200 
ml  of  llgroin  (b.p.  20-40°C).  Methyl  Isocyanate  (6.94  g,  2 x 0.0609 
mole)  and  200  wnl  of  trlethylamlne  were  added  to  this  solution.  The 
mixture  was  stirred  by  a magnetic  stirrer  and  heated  by  means  of  a 
heating  mantle  to  the  reflux  temperature  for  57  hours.  A white  pre- 
cipitate was  formed.  At  the  end  of  the  refluxing  period,  the  mixture 
was  allowed  to  cool  to  room  temperature,  and  the  white  solid  was  fil- 
tered using  suction  filtration,  and  dried,  to  yield  11.20  g (83.0*) 
of  product.  Recrystallization  from  ethyl  acetate/hexane  gave  color- 
less crystals:  m.p.  130. 5-131. 0°C. 

Elemental  analysis  calculated  for  ci2Hi5f|03;  C,  65.14;  N,  6.83; 
N,  6.33.  Found:  C,  65.06;  H,  6.83;  N,  6.31. 

IR  (KBr):  3320  (s),  3068  (w),  3038  (w),  3005  (m),  2960  (m), 

2920  (m),  2905  (m),  2880  (m),  2820  (m),  2465  (w),  2320  (w),  2200  (w), 

2065  (w),  2016  (w),  1890  (w),  1738  (s),  1714  (s),  1655  (w),  1602  (s), 

1535  (s),  1500  (s),  1462  (s),  1418  (s),  1380  (m),  1331  (m),  1300  (m), 

1260  (s),  1200  (s),  1155  (s),  1125  (s),  1100  (m),  1035  (s),  975  (s), 

950  (m),  933  (m),  920  (m),  855  (s),  820  (w),  790  (w),  765  (w),  735 
(m),  690  (m),  660  (m,  br),  615  (w)  cm'1. 

*H  NMR  (DMS0-dg,  TMS):  S 1.83  (d,  3H,  J = 4.6  Hz),  2.66  (d,  3H), 
J “ 4.6  Hz),  3.75  (s,  3H),  6.31  (m,  2H),  6.90  (m,  2H),  7.04  (m,  1H), 
7.51  (q,  1H,  J = 4.6  Hz). 
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13C  NMR  (DMSO-dg,  TMS,  int.  ref.  OMSQ-dg):  6 18.20,  27.14,  55.53, 
109.65,  117.90,  123.32,  125.46,  130.42,  135.79,  138.89,  151.71,  154.79. 

IRMS  (70  ev,  m/e,  rel.  intensity):  222  (Mtl,  0.2),  221  (M+,  1.1), 
165  (11.2),  164  (100),  149  (23.3),  133  (9.3),  131  (11.7),  121  (9.2), 

104  (9.1),  103  (13.4),  91  (15.4),  77  (17.0),  57  (10.8),  55  (16.1). 

HRMS  (ci2Hi5®3N  requires:  221.1051).  Found:  221.1039. 

Model  Compounds  Synthesis 

ReaCtMeth°[  12° jll°xy~<'^0Denv1  Dh°nvl  methvlcarbamate  (9^ With  4- 

Into  a 100  ml  one-necked  round-bottomed  flask,  2.00  g (1.77  x 
10  mole)  of  4-methyl-l,2,4-tria20line-3,5-dione  was  dissolved  in  30 
ml  of  CHjClg.  The  deep-pink  solution  was  stirred  by  a magnetic  stir- 
rer and  cooled  in  an  ice  bath.  A solution  of  1.96  g (8.84  x 10”3 
mole)  of  2-methoxy-4-propenyl phenyl  methyl  carbamate  in  10  ml  of  CH^Clo 
was  added  all  at  once.  The  pink  color  changed  to  pale-yellow  in  less 
than  40  seconds  with  an  exothermic  reaction.  The  mixture  was  allowed 
to  stir  overnight  at  room  temperature.  A white  precipitate  formed, 
which  was  filtered  using  suction  filtration.  The  white  solid  was 
dried  in  a vacuum  desiccator  for  a few  hours  to  yield  2.85  g of  pro- 
duct. The  mother  liquor  was  evaporated,  leaving  0.76  g of  pale-yellow 
solid.  IR  and  NMR  of  this  compound  are  almost  identical  to  the  above 
solid  with  some  impurities.  The  total  yield  was  91S.  Recrystalliza- 
tion of  the  white  compound  from  H_0/Et0H  in  a ratio  of  7:1  gave  shiny 
crystals;  m.p.  211-215'C. 

Elemental  analysis  calculated  for  cigH2iN7°7;  C,  48.32;  H,  4.73; 
N,  21.92.  Found:  C,  48.38;  H,  4.74;  N,  21.88. 
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IR  (KBr):  3545  (w),  3310  (m),  3120  (m,  br).  2960  (w),  2930  (w), 

1775  (s),  1720  (s),  1685  (s),  1550  (w),  1510  (s),  1460  (s),  1430  (in), 

1390  (m),  1360  (w),  1310  (m),  1260  (s),  1200  (w),  1180  (m),  1158  (w), 

1130  (m),  1090  (w),  1058  (m),  1020  (m),  1000  (m),  965  (w),  940  (m), 

910  (w),  880  (m),  850  (m),  805  (w),  760  (m),  750  (m),  720  (m),  710 
(w),  675  (w),  640  (w)  cm’1. 

LRMS  (70  eV,  m/e,  pel.  Intensity):  447  (M+,  0.2),  276  (37.8), 
275  (100.0),  260  (34.6),  203  (11.9),  190  (67.7),  178  (27.7),  175 
(22.6),  148  (15.6),  147  (40.6),  115  (67.0),  91  (11.4),  65  (12.2),  58 
(61.4),  57  (76.6),  28  (74.6). 

HRMS  (CjgHzl07N7  requires  447.1502).  Found:  447.1499. 

Reaction  of  2-Methoxv-4-^rooenyl phenyl  Methyl carbamate  (93)  with  4- 

A 100  ml  round-bottomed  flask  was  charged  with  1.58  g (9.04  * 

10  3 mole)  of  4-phenyltriazolinedione  and  40  ml  of  methylene  chloride. 
The  red  solution  was  cooled  in  an  ice  bath  with  stirring.  To  this 
red  solution,  a solution  of  1.00  g (4.52  x 10"3  mole)  of  2-methoxy- 
4-propenyl phenyl  methylcarbamate  in  10  ml  of  methylene  chloride  was 
added  all  at  once.  An  exothermic  reaction  occurred,  and  the  charac- 
teristic red  color  of  PhTD  disappeared  in  less  than  40  seconds.  Af- 
ter about  3 minutes,  a white  precipitate  began  to  form,  and  the  mix- 
ture was  stirred  at  room  temperature  for  24  hours.  The  white  solid 
was  filtered  using  suction  filtration,  then  was  dried  in  a vacuum 
desiccator  for  several  hours  to  yield  2.20  g of  product.  The  yellow- 
ish mother  liquor  was  evaporated  to  dryness  to  give  0.19  g of  pale- 
yellow  solid.  The  total  yield  was  93% 


i.  Recrystallization 
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white  solid  from  95*  ethanol  led  to  a crystalline  solid;  m.p.  188- 
191*G. 

Elemental  analysis  calculated  for  C28H25N707 : c>  58.84;  H,  4.41; 
N,  17.16.  Found:  C,  58.69;  H,  4.38;  N,  17.07. 

IR  (KBr):  3360  (m),  3220  (w),  3160  (w),  3080  (w),  2960  (w), 

2740  (w),  1760  (S),  1715  (s),  1700  (s),  1620  (w),  1600  (w).  1500  (s), 
1420  (s),  1318  (m),  1270  (m),  1240  (m,  br),  1190  (m),  1130  (m),  1095 
(w),  1045  (m).  1020  (m),  960  (w),  915  (m),  880  (m),  800  (w),  760  (m), 
725  (w),  690  (m),  648  (w),  625  (w)  cm'1. 

LRMS  (70  eV/  m/e,  rel.  intensity):  338  (13.0),  337  (58.6),  190 
(100.0),  177  (72.1),  147  (38.0),  120  (35.6),  119  (79.5),  91  (37.2), 

77  (44.2),  57  (93.0),  56  (34.7),  39  (18.8). 

HRMS  <M-C10H10N403  ■ C18H15N304  requires  337.1062).  Found: 
337.1052. 

Synthesis  and  Identification  of  Bis-triazolinediones 
Synthesis  of  1.6-Bis-(3.5-dioxo-1.2.4-triazoline-4-vl)  hexane  (108172 

1.6- Hexane-bis-semicarbazide  (1021 

1.6- Hexane  diisocyanate  was  obtained  from  Eastman  Chemical  Co., 
and  was  used  without  further  purification. 

To  a 500  ml  three-necked  round-bottomed  flask  equipped  with  a 
water-cooled  condenser  attached  to  a drying  tube  containing  silica 
gel,  a mechanical  stirrer,  an  addition  funnel  and  a thermometer  was 
added  46.5  g (0.476  mole)  of  ethylcarbazate  and  200  ml  of  dry  benzene. 
The  solution  was  stirred  and  cooled  in  an  ice  bath  at  approximately 
10°C.  A solution  of  40.03  g (0.238  mole)  of  1,6-hexane  diisocyanate 
in  10  ml  of  benzene  was  added  dropwise  over  a period  of  40  minutes. 


The  temperature  was  kept  at  approximately  20-30',C.  After  2 minutes, 
a white  solid  began  to  form,  and  a thick  solid  was  obtained  by  the 
end  of  the  addition.  The  voluminous  white  slurry  was  stirred  at  room 
temperature  for  45  minutes,  then  was  refluxed  for  2 hours.  The  mix- 
ture was  cooled,  and  the  white  solid  was  filtered  using  suction  fil- 
tration, then  dried  overnight  in  a vacuum  oven  at  50°C  to  yield 
88.94  g (99.32)  of  white  solid;  m.p.  202-203°C. 

IR  (KBr):  3330  (s),  3240  (s),  3120  (s),  2960  (s),  2940  (s), 

2860  (m),  1705  (s),  1640  (s),  1565  (s),  1500  (m),  1480  (m),  1420  (m), 
1380  (m),  1335  (s),  1290  (w),  1230  (m),  1180  (m),  1135  (w),  1100  (w), 
1070  (s),  960  (w),  925  (w),  865  (w),  800  (w),  765  (m),  730  (w),  680 
(w)  cm'*. 

*H  NMR  (DMSO-dg,  TMS):  6 1.17  (distorted  t,  14H,  CHj  peaks 
are  overlapped  with  CHj  peaks,  J = 7.2  Hz),  2.96  (m,  4H),  3.37  (s, 

(1H  perhaps  due  to  tautomerization),  4.02  (q,  4H,  0 = 7.2  Hz),  6.31 
(distorted  t,  2H),  7.62  (s,  2H),  8.70  (s,  2H). 

13C  NMR  (DMSO-dg , TMS,  int.  ref.  OMSO-dg):  6 14.54,  26.05,  29.85, 
39.11,  60.36,  156.91,  158.27. 

1.6-Hexane-bis  urazole  (1061 

Sodium  metal73  (4.90  g,  0.212  mole)  was  placed  in  a 1000  ml 
three-necked  round-bottomed  flask  which  was  flushed  with  dry  nitrogen 
gas.  The  flask  was  equipped  with  a mechanical  stirrer,  an  addition 
funnel,  and  a reflux  condenser  fitted  with  a drying  tube  containing 
calcium  chloride.  Absolute  ethanol  (490  ml)  was  added  dropwise  over 
a period  of  45  minutes.  The  solution  began  to  reflux,  and  at  the  end 
of  the  addition  a clear  solution  was  obtained.  This  solution  was 
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heated  by  means  of  a heating  mantle  to  the  reflux  point,  and  40.0  g 
(0.106  mole)  of  1,6-hexane  bis-semlcarbazlde  was  added  all  at  once. 

An  orange  solution  was  obtained,  which  then  turned  to  red.  After  a 
few  minutes,  a precipitate  started  to  form,  and  the  color  changed 
from  red  to  orange.  The  slurry  mixture  was  refluxed  for  36  hours. 

The  light-yellow  solid  was  collected  with  suction  filtration,  and 
then  dried  in  a vacuum  oven  at  50°C  for  24  hours  to  yield  34.80  g 
(100*)  of  disodium  salt;  m.p.  >300°C. 

IR  (KBr):  3200  (s,  br),  3080  (w),  2950  (w),  2920  (w),  2860  (w), 
1695  (s),  1600  (s,  br),  1470  (s),  1430  (w),  1380  (m),  1280  (w),  1220 
(w),  1080  (m),  820  (s),  810  (s),  765  (m),  735  (w),  690  (w),  670  (w), 
640  (m)  cm"1. 

The  pale-yellow  disodium  salt  (10.0  g,  0.030  mole)  was  placed  in 
a 100  ml  beaker,  and  20  ml  of  95*  ethanol  was  added.  The  mixture  was 
stirred  by  means  of  a magnetic  stirrer  and  acidified  with  glacial 
acetic  acid  (about  11  ml  is  required).  A clear  yellowish  solution 
was  obtained,  40  ml  of  methylene  chloride  was  added,  and  the  mixture 
was  kept  in  a freezer  for  8 hours.  The  white  solid  that  formed  was 
filtered  and  washed  with  200  ml  of  cooled  water.  The  solid  was  dried 
overnight  in  a vacuum  oven  at  100°C  to  yield  6.50  g (75*)  of  bis  ura- 
zole.  Recrystallization  from  hot  water  furnished  white  crystals; 
m.p.  223-224-C. 

Elemental  analysis  calculated  for  cxoHi6N6°4 : A2.25;  H,  5.67; 

N,  29.56.  Found;  C,  42.28;  H,  5.67;  N,  29.50. 

IR  (KBr):  3300  (s),  3180  (s,  br),  2940  (m),  2920  (m),  2820  (w), 
1685  (s,  br),  1540  (w),  1475  (s),  1430  (m).  1375  (w),  1360  (w),  1325 


(m),  790 
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(m),  1260  (w),  1210  (w),  1188  (w),  1080  (m),  975  (m),  850 
(s,  br),  725  (w),  680  (w),  630  (w),  605  (w)  cm'1. 

NMR  (OMSO-dg,  TMS):  6 1.40  (m.  8H),  3.36  (t.  4H,  J . 6.4  Hz), 
9.77  (s,  br,  4H). 

13C  NMR  (DMSO-dg,  TMS,  int.  ref.  DMSO-dg):  6 25.76,  27.56, 

37.94,  155.25. 

l,6-81s-(3.5-dioxo-!.2.4-triazo]ine-4-yl Ihexane  (108) 

A 250  ml  one-necked  round-bottomed  flask  was  charged  with  2.85  g 
(0.010  mole)  of  1,6-hexane-bis  urazole  (106)  and  160  ml  of  methylene 
chloride.  The  suspension  was  stirred  with  a magnetic  stirrer  and 
cooled  in  an  ice-salt  bath  to  -10°C.  Fuming  nitric  acid  (3.0  ml, 

0.071  mole)  was  added  dropwise  over  a period  of  30  minutes.  The  solu- 
tion turned  to  a deep-pink  color  and  was  filtered  using  gravity  fil- 
tration into  a 500  ml  separatory  funnel.  The  deep-pink  solution  was 
washed  with  Ice-water  (4  x 100  ml),  then  was  dried  overnight  over  an- 
hydrous sodium  sulfate  in  a freezer.  The  pink  solution  was  filtered, 
and  the  methylene  chloride  was  evaporated  at  room  temperature,  leav- 
ing 2.25  g (80.3%)  of  a light-pink  solid.  Purification  was  performed 
by  dissolving  the  pink  solid  in  10  ml  of  ethyl  acetate  and  filtering, 
then  slowly  dropping  into  100  ml  of  cyclohexane,  resulting  in  precipi- 
tation of  a pink  solid:  m.p.  146.0-149.0°C. 

Elemental  analysis  calculated  for  CjgHjgNgQ^:  C,  42.86;  H,  4.32; 
N,  29.99.  Found:  C,  42.92;  H,  4.34;  N,  29.91. 

IR  (KBr):  3580  (w),  2950  (m),  2920  (m),  2860  (w),  1755  (s),  1625 
(w),  1458  (w),  1445  (w),  1445  (m),  1395  (s),  1355  (m),  1330  (m).  1255 
(m),  1190  (m),  1130  (m),  1040  (m),  960  (m),  890  (w),  850  (m),  728  (s), 
675  (s),  612  (w)  cm'1. 


,2.4-triazoline-4-vlphenvl )methane~ 
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4,4' -Pi phenylmethane-bi s-seml carbazi ne  ( 103 1 
4,4'-D1phenylmethane  (100)  was  purchased  from  Eastman  Chemical  Co. 
and  was  purified  via  vacuum  distillation  at  137°C  and  a pressure  of 
0.12  nrni  Hg. 


Into  a 500  ml  three-necked  round-bottomed  flask  was  placed  19.83  g 
(0.190  mole)  of  ethyl  carbazate  and  150  ml  of  dry  benzene.  The  flask 
was  equipped  with  a thermometer,  a mechanical  stirrer,  a water-cooled 
condenser  fitted  to  a drying  tube  containing  silica  gel,  and  a con- 
stant pressure  funnel.  The  stirrer  was  started,  and  a solution  of 
23.83  g (0.095  mole)  of  4,4'-diphenylmethane  diisocyanate  in  130  ml 
of  dry  benzene  was  added  dropwise  at  room  temperature  over  a period 
of  3 hours.  The  temperature  was  kept  at  40-45°C.  After  the  addition 
was  complete,  the  voluminous  white  slurry  was  gently  refluxed  for  3 
hours.  At  the  end  of  refluxing,  the  mixture  was  cooled,  filtered, 
and  then  washed  with  400  ml  of  diethyl  ether  and  dried  overnight  in 
a vacuum  oven  at  85°C  to  yield  40.90  g (93.7*)  of  a white  solid;  m.p. 
ESS-O^-O'C  [lit.74  240.0-242. 0"C  (dec)]. 

IR  (KBr):  3360  (s,  br),  3295  (s,  br),  3030  (w),  2980  (w),  2940 
(w),  2920  (w),  1735  (s),  1680  (s),  1645  (s),  1600  (s),  1555  (s),  1510 
(s),  1412  (w),  1315  (s),  1230  (s),  1110  (w),  1090  (w),  1058  (m),  1035 
(m),  910  (w),  850  (w),  820  (w),  770  (m),  620  (m)  cm'1. 

*H  NMR  (OMSO-dg,  TMS):  6 1.18  (t,  6H,  J = 7.0  Hz),  3.79  (s,  2H), 
4.05  (q,  4H,  J = 7.0  Hz),  7.38  (d,  4H,  AA‘,  J = 8.4  Hz),  7.07  (d,  4H, 
XX1,  J = 8.4  Hz),  7.96  (s,  2H),  8.65  (s,  2H),  8.96  (s,  2H). 


diphenylmethane-bis-semicarbazide  (103) and  50  ml  of  absolute  ethanol. 
To  this  mixture,  60  ml  of  4N  potassium  hydroxide  was  added  all  at 
once.  The  mixture  was  stirred  by  a magnetic  stirrer  at  room  tempera- 
ture. After  about  10  minutes,  a pale-yellow  solution  was  obtained 
which  was  warmed  on  a water  bath  for  2 hours.  The  solution  was  fil- 
tered, cooled  in  an  ice  bath  and  then  acidified  with  20  ml  of  concen- 
trated hydrochloric  acid.  A white  solid  formed,  which  was  filtered 
using  suction  filtration  and  washed  twice  with  25  ml  of  H^O,  fol- 
lowed by  25  ml  of  ethanol.  This  white  solid  was  dried  in  an  oven 
under  vacuum  at  75"C  for  24  hours  to  give  11.10  g (82.4S)  of  product. 
Recrystallization  was  performed  from  hot  methanol :H,0  (2:1)  to  afford 
white  crystals;  m.p.  >300°C. 

IR  (KBr):  3400  (w),  3140  (s,  br),  2920  (w),  1765  (sh),  1700 
(s),  1680  (s),  1510  (s),  1445  (s),  1210  (w),  1120  (w),  1090  (w),  1030 
(w),  1010  (w),  870  (w),  840  (w),  785  (s),  760  (w),  715  (w),  650  (w). 

JH  NMR  (DMS0-dg,  TMS):  6 4.00  (s,  2H),  7.39  (m,  8H),  10.43  (s, 
br,  4H). 

13c  NMR  (OMSO-dg,  TMS,  Int.  ref.  0MS0-dg):  6 40.11,  125.97, 
128.96,  129.84,  140.46. 

B1 s- (p-3, 5-dioxo-l .2 .4-triazoline-4-vl ohenvl Imethane  (109) 

Two  methods  were  employed  for  the  preparation  of  this  compound. 

Method  A.  4,4' (4,4'-0iphenylmethylene)-bis  urazole  (107)  (3.0  g, 
8.19  x 10  3 mole)  and  400  ml  of  methylene  chloride  were  placed  into  a 
500  ml  three-necked  round-bottomed  flask.  To  this  mixture,  30.0  g of 


anhydrous  sodium  sulfate 


suspension 


by  a magnetic  stirrer.  The  flask  was  fitted  with  a gas  inlet  tube 
and  cooled  in  an  ice-salt  bath  to  -6°C.  Gaseous  dinitrogen  tetrox- 
ide  was  bubbled  through  the  solution  for  20  minutes,  while  the  temp- 
erature was  kept  below  0°C.  A deep-red  solution  was  obtained,  which 
was  stirred  at  room  temperature  for  30  minutes,  then  filtered  using 
gravity  filtration.  The  excess  NjO^  was  purged  with  dry  nitrogen  for 
2 hours.  The  solvent  was  evaporated  by  rotary  evaporation.  A red 
solid  which  resulted  was  dried  under  vacuum  overnight  at  room  temp- 
erature to  yield  2.48  g (83.52).  Further  purification  was  achieved 
by  dissolving  1.48  g of  the  red  solid  in  40  ml  of  ethyl  acetate  and 
adding  the  solution  dropwise  to  450  ml  of  n-hexane,  leaving  a red 
precipitate;  m.p.  >185°C  (dec). 

Method  B.  4,4' (4,4'-D1phenylmethylene)-b1s  urazole  (107)  (2.00 
g,  0.00546  mole)  which  was  suspended  in  150  ml  of  CH.CI.  was  placed 
into  a 250  ml  one-necked  round-bottomed  flask.  The  mixture  was  cooled 
in  an  ice-salt  bath  to  -10°C.  Fuming  nitric  acid  (1.1  ml)  was  added 
dropwise  over  a period  of  5 minutes.  A deep-red  solution  was  ob- 
tained which  was  stirred  at  -10°C  for  30  minutes.  The  red  solution 
was  filtered,  washed  with  250  ml  of  ice-water  In  a separatory  funnel, 
and  dried  over  anhydrous  sodium  sulfate  (25.0  g)  in  a freezer  for  24 
hours.  The  solvent  was  removed  by  rotary  evaporation,  resulting  in 
1.0  g of  red  solid  (50.52).  Purification  was  performed  as  in  Method  A. 

IR  (KBr):  3590  (w),  3050  (w),  1900  (w),  1845  (w),  1768  (s), 

1710  (sh),  1640  (w),  1600  (w),  1510  (s),  1435  (m),  1395  (s),  1300  (w). 
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1175  (s),  1156  (m),  1020  (m),  960  (w),  900  (m),  850  (w),  813  (m) , 790 
(w),  740  (s),  720  (w),  685  (s),  635  (w),  625  (w)  cm'1. 

Copolvmerization  Reactions 

Reaction  of  2-Methoxv-4-prooenvl phenyl  Methyl  carbamate  (93)  with  1.6- 

Into  a 500  ml  round-bottomed  flask  equipped  with  a magnetic  stir- 
rer bar  was  placed  1.50  g (5.35  x 10‘3  mole)  of  l,6-bis-(3,5-dioxo- 
l,2,4-triazoline-4-yl)hexane  (108) and  10  ml  of  N,N-dimethylformamide 
(0MF).  The  red  solution  was  stirred  with  a magnetic  stirrer  at  room 
temperature,  and  a solution  of  1.18  g (5.35  x 10"3  mole)  of  2-methoxy- 
4-propenyl phenyl  methylcarbamate  (93)  in  5 ml  of  DMF  was  rapidly  added 
all  at  once.  The  red  solution  turned  to  a pale-yellow  color  in  less 
than  40  seconds  with  an  exothermic  reaction.  The  mixture  was  stirred 
at  room  temperature  for  48  hours.  The  pale-yellow  solution  was  fil- 
tered through  glass  wool  and  added  dropwise  to  400  ml  of  diethyl 
ether,  resulting  in  a white  precipitate,  which  was  filtered  using  suc- 
tion filtration  and  dried  in  a vacuum  oven  at  90°C  for  48  hours  to 
yield  2.40  g (90.0*)  of  product.  Further  purification  was  performed 
by  dissolving  the  white  solid  In  20  ml  of  DMF  and  precipitation  into 
400  ml  of  diethyl  ether.  This  procedure  was  repeated  twice;  m.p. 

>215°C  (dec). 

Elemental  analysis  calculated  for  (1:1):  C,  52.68; 

H,  5.43;  N,  19.55.  Found:  C,  51.39;  H,  5.57;  N,  19.06. 

IR  (KBr):  3360  (m,  br),  2940  (m),  2860  (w),  1760  (s),  1700  (s, 
br),  1509  (s),  1458  (s),  1420  (s),  1360  (w,  br),  1310  (w),  1240  (m), 

1180  (w),  1059  (w),  1005  (w),  930  (w),  880  (w),  760  (m,  br),  725 (w)  cm-1. 
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Intrinsic  viscosity  (N,N-dimethyl  formamide,  30.0°C):  [n]  = 

0.206  dl/g. 

Mn  ■ 13000  (MO,  N,N-d1methyl  formamide,  38.0'C,  membrane  RC-51 
S S S). 

Reaction  of  2-Methoxy-4-propenyl phenyl  Methylcarbamate^ (93|  with  Bis- 

B1s-(p-3,5-dioxo-l,2,4-tr1azoline-4-ylphenyl (methane  (109)  (0.898 
g,  2.48  x 10'3  mole)  and  7.5  ml  of  N,N-d1methyl  formamide  were  placed 
into  a 50  ml  round-bottomed  flask.  The  mixture  was  stirred,  and  a 
red  solution  was  obtained.  To  this  solution,  0.548  g (2.48  x 10”3 
mole)  of  2-methoxy-4-propenyl phenyl  methyl  carbamate  in  5 ml  of  N,N- 
dimethyl  formamide  was  added  all  at  once.  An  exothermic  reaction 
was  observed,  and  the  red  color  disappeared  in  less  than  35  seconds. 
The  pale-yellow  solution  was  stirred  at  room  temperature  for  48  hours, 
then  was  added  to  300  ml  of  diethyl  ether.  The  precipitated  solid 
was  filtered  and  dried  in  a vacuum  oven  at  100°C  for  48  hours,  af- 
fording 1.40  g (97.2*)  of  off-white  material.  Further  purification 
was  accomplished  by  dissolving  the  solid  in  13  ml  of  DMF  and  precipi- 
tation into  300  ml  of  diethyl  ether;  m.p.  >235  (dec). 

Elemental  analysis  calculated  for  CggHjjNjO^  (1:1):  C,  59.68; 

H,  4.32;  N,  16.80.  Found:  C,  57.07;  H,  4.50;  N,  15.74. 

IR  (KBr):  3400  (m,  br),  2940  (w),  1765  (sh),  1710  (s,  br),  1510 
(s),  1420  (s,  br),  1315  (w),  1270  (m),  1240  (w),  1190  (w),  1130  (w), 
1100  (w),  1045  (w),  1020  (m),  910  (w),  820  (w),  750  (w,  br)  cm*1. 

Intrinsic  viscosity  (N,N-dimethyl  formamide,  30.0°C):  [n]  ■ 


0.205  dl/g. 
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Synthesis  of  S-(-)-4-(g-Methv1benzyl j-1.2.4-triazoline-3.5-dione. 
S-(-)-tt-Methvlbenzvlamine  Hydrochloride  (115) 

Into  a 1000  ml,  three-necked  round-bottomed  flask  equipped  with 
a gas-inlet  tube  and  a mechanical  stirrer  (all  glassware  was  flame- 
dried  prior  to  use)  was  charged  26.19  g (0.2161  mole)  of  S-(-)-a- 
methylbenzylamine  ([o]q°  -30  t 2°,  C = 10  in  ethanol)  and  700  ml  of 
dry  toluene.  The  mixture  was  cooled  in  an  ice-water  bath,  and  dry 
hydrogen  chloride  gas  was  passed  through  the  solution  for  15  minutes. 
A white  crystalline  solid  was  formed.  The  HC1  flow  was  discontinued, 
and  the  ice-water  bath  was  removed.  Dry  nitrogen  gas  was  passed 
through  the  slurry  mixture  for  1 hour,  and  the  excess  HC1  was  trapped 
with  a 20*  NaOH  solution.  After  the  white  solid  was  filtered  using 
suction  filtration,  washed  with  500  ml  of  anhydrous  diethylether,  and 
dried  overnight  in  a vacuum  desiccator,  33.45  g (98.2*)  of  a white 
crystalline  solid  was  obtained;  m.p.  169.0  - 170. 0”C. 

IR  (KBr):  2920  (s,  br),  2725  (sh),  2675  (sh),  2630  (sh),  2570 
(sh),  2480  (m),  2030  (m),  1600  (m),  1505  (s),  1450  (s),  1380  (m),  1357 
(w),  1332  (w),  1312  (w),  1289  (w),  1225  (m),  1087  (m),  1064  (m),  1028 
(w),  986  (w),  920  (w),  758  (s),  745  (m),  694  (s)  cm'1. 

*H  NMR  (DMS0-dg,  TMS):  4 1.55  (d,  2H,  J = 7.0  Hz),  4.38  (q,  1H, 

J » 7.0  Hz),  7.5  (m,  5H),  8.83  (s,  br,  3H)  which  exchanges  with  DjO. 

13c  NMR  (DMSO-dg,  TMS,  int.  ref.  OMSO-dg):  20.88,  50.08.  126.89, 
128.20,  128.54,  139.51. 

[a]j;5  -19.8  (C  = 10.0,  CH2C12). 


S-(-)-a-Hethyl benzyl  Isocyanate  (116) 

Into  a 1000  ml  three-necked  round-bottomed  flask  equioped  with  a 
mechanical  stirrer,  water  cooled  condenser  and  gas  inlet  tube  was 
placed  29.05  g (0.1843  mole)  of  S-(-)-o-methyl benzyl  amine  hydrochloride 
(115)  and  600  ml  of  dry  toluene.  The  slurry  mixture  was  heated  to 
reflux  temperature.  Phosgene  gas  was  bubbled  into  the  mixture  until 
all  solid  had  completely  dissolved  (-3  hour),  then  again  for  an  addi- 
tional hour.  The  phosgene  gas  was  routinely  passed  through  two  traps 
and  towers  containing  cottonseed  oil,  concentrated  sulfuric  acid  and 
CaSO^  prior  to  passing  into  the  reaction  vessel.  The  HC1  gas  gener- 
ated from  the  reaction  and  excess  COClj  gas  were  trapped  in  a 20*  NaOH 
solution.  The  hot,  clear  solution  was  flushed  with  dry  nitrogen  gas 
for  1 hour.  Toluene  was  removed  via  simple  distillation  at  atmos- 
pheric pressure,  and  the  residue  was  distilled  under  vacuum  to  yield 
23.3  g of  a clear  liquid  (85.9X);  b.p.  104-106°C/30  inn  Hg. 

Elemental  analysis  calculated  for  CgHgN0:  C,  73.45;  H,  5.16;  N, 
9.52.  Found:  C,  73.55;  H,  6.20;  N,  9.49. 

IR  (neat):  3660  (m),  3087  (m),  3068  (m),  3088  (ra),  2980  (m),  2936 
(m),  2260  (s),  1950  (w),  1880  (w),  1820  (w),  1750  (w),  1620  (w),  1605 
(m),  1495  (m),  1452  (m),  1372  (m),  1348  (m),  1310  (m),  1280  (m),  1205 
(m),  1064  (m),  1028  (m),  910  (m),  830  (m),  758  (m),  697  (s)  cm'1. 

NMR  ( CDC1 3 , TMS):  S 1.59  (d,  3H,  J - 6.8  Hz),  4.8  (q.  1H,  J = 
6.8  Hz),  7.3  (s,  5H). 

13C  NMR  (CDC1 3 , TMS,  int.  ref.  CDClj):  25.97,  54.58,  125.30, 
127.78,  128.71,  142.40  (C  a 0 carbon  is  overlapped  with  aromatic  car- 


[<0d5  -13-9°  <c  ■ 10-05'  CH2C12)j  Lit.75  wg°-5  -10.1". 

LRHS  (70  eV,  m/e,  rel.  intensity):  148  (M  + 1,  3.8),  147  (M+, 
36.8),  132  (100.0),  105  (23.5),  78  (18.3),  77  (38.5),  51  (19.5),  39 
(4.8),  27  (4.5). 

HRMS  (CgHgN0  requires:  147.0684).  Found:  147.0676. 
S-(-)-4-(g-Hethy1 benzyl )-l-(ethoxvcarbonyl Isemicarbazide  (117) 

Into  a 250  ml  three-necked  flask  fitted  with  a constant-pressure 
dropping  funnel,  magnetic  bar,  reflux  condenser  attached  to  a drying 
tube  containing  silica  gel,  and  a thermometer  was  placed  a solution 
of  16.27  g (0.1563  mol)  of  ethylhydrazine  carboxylate5’69  in  60  ml  of 
dry  toluene.  A solution  of  23.00  g (0,1563  mole)  of  S-(-)-a-methyl- 
benzyl isocyanate  (116)  in  60  ml  of  dry  toluene  was  added  dropwise  to 
this  mixture  over  a period  of  1|  hour.  The  temperature  was  kept  below 
40°C.  After  addition  was  complete,  the  mixture  was  heated  at  reflux 
temperature  for  8 hour  (2  hour  will  be  enough).  The  mixture  was  cooled 
and  stirred  at  room  temperature  for  60  hour  to  effect  crystallization. 
(Solidification  also  can  occur  in  a shorter  period  of  time,  "4  hour, 
if  a few  previously  formed  crystals  are  added.)  The  white  solid  was 
filtered  using  suction  filtration,  washed  with  500  ml  of  petroleum 
ether  (b.p.  37-38°C),  then  dried  in  a vacuum  desiccator  for  24  hour 
to  give  38.21  g of  a white  solid  (97.3*);  m.p.  87.0  - 89.0°C. 

Elemental  analysis  calculated  for  C,  57.35;  H,  6.82; 

N,  16.73.  Found:  C,  57.80;  H,  6.86;  N,  16.75. 

IR  (KBr ) : 3350  (s),  3280  (s),  3110  (w),  3060  (w),  3037  (w),  2980 
(m),  2940  (w),  2910  (w),  2870  (w),  1700  (s),  1650  (s),  1600  (w),  1548 
(S),  1480  (w),  1475  (w),  1450  (w),  1379  (m),  1349 


(m),  1335  (m),  1320 
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(■)•  1280  (m),  1228  (m),  1140  (m),  1070  (s),  1028  (w),  1000  (w),  990 
M.  915  (w),  780  (w),  758  (m),  695  (s),  660  (w)  cm'1. 

NMR  (DMSO-dg,  TMS):  6 1.16  (t,  3H,  J = 7.0  Hz).  1.35  (d,  3H, 

J = 7.0  Hz),  4.03  (q,  2H,  J ■ 7.0  Hz).  4.80  (P.  1H,  0 = 7.0  Hz),  6.73 
(d,  1H,  J = 8.0  Hz),  7.29  (m,  5H),  7.67  (s,  1H),  8.78  (s,  br,  1H). 

13C  NMR  (DMSO-dg,  TMS,  int.  ref.  DMSO-dg):  14.50,  22.88,  48.57, 
60.36,  125.86.  126.45,  128.10,  145.31,  156.96,  157.45. 

[o]q3  -3.7  (C  = 10.0,  CH2C12). 

LRMS  (70  eV,  m/e,  rel , intensity):  147  (3.2),  132  (15.9),  120 
(5.9),  105  (100.0),  104  (64.6),  79  (17.5),  77  (35.8),  51  (17.2),  45 
(15.4),  42  (11.1),  32  (17.6),  29  (24.0),  27  (17.3). 
S-(-)-4-(n-Methvlbenzvl lurazole  (118) 

Into  a 250  ml  round-bottomed  flask  equipped  with  a magnetic 
stirring  bar,  distillation  head,  thermometer  and  a water-cooled  con- 
denser was  placed  40.31  g (0.1604  mole)  of  S-(-)-4-(a-methylbenzyl )- 
l-(ethoxycarbonyl Jsemicarbazide  (117).  The  flask  was  heated  to  250- 
260<IC  using  a sand  bath  for  li  hour.  The  distillate,  which  was  col- 
lected between  80-95'C,  was  discarded.  The  residue  was  cooled,  200 
ml  of  benzene  was  added,  and  the  mixture  was  heated  to  the  boiling 
point  of  the  solvent.  The  hot  mixture  was  filtered  and  cooled  to 
give  24.60  g (74.7*)  of  a white  solid.  Recrystallization  from  benzene 
yielded  a white  crystalline  solid;  m.p.  126.0-127.5°C. 

Elemental  analysis  calculated  for  ciohjjN302:  C,  58.52;  H,  5.40; 
H,  20.48.  Found:  C,  58.67;  H,  5.44;  H,  20.42. 

IR  (KBr) : 3160  (sh),  3030  (s),  2972  (s),  2800  (s,  br),  1760  (sh), 
1675  (s),  1490  (m),  1450  (s),  1375  (m),  1310  (w),  1280  (w),  1238  (m). 


1217  (m),  1207  (m),  1160  (w),  1140  (w),  1110  (w),  1080  (m),  1055  (m), 
1025  (m),  1003  (w),  980  (w),  919  (w),  775  (s),  695  (s),  665  (w),  623 
(w)  cm-1. 

NMR  (OMSO-dg,  TMS):  6 1.76  (d,  3H,  J = 7.4  Hz),  5.17  (q,  1H, 

J = 7.4  Hz),  7.33  (m,  5H),  9.97  (s,  br.  2H). 

13C  NMR  (DMSO-dg,  TMS,  Int.  ref.  DMSO-dg):  17.37,  49.34,  126.59, 
127.37,  128.40,  140.92,  154.71. 

[o]35  -43.4  (C  = 10.0,  CH2C12). 

LRMS  (70  eV/  m/e,  rel . Intensity):  206  (H  + 1,  1.3),  205  (M*. 
10.0),  106  (10.0),  105  (100.0),  77  (19.1),  51  (10.0),  39  (3.7),  28 
(6.2). 

HRMS  CcioH11N3°2  re<l“’''es:  205.6851).  Found:  205.6842. 
S-(-)-4-(q-Methylbenzyl  )-1.2.4-triazoline-3,5-dione  (1191 

Anhydrous  sodium  sulfate  (40.0  g)  was  placed  into  a 300  ml  round- 
bottomed  flask  with  6.00  g (0.0292  mole)  of  S-(-)-4-(o-methylbenzyl )- 
urazole  (118)  and  160  ml  of  methylene  chloride.  The  slurry  mixture 
was  stirred  by  a magnetic  stirrer  and  cooled  to  -5°C  with  an  ice-salt 
bath.  Dinitrogen  tetraoxide  gas  was  bubbled  slowly  through  the  mix- 
ture for  10  minutes,  while  keeping  the  temperature  below  0°C.  After 
a few  minutes,  a deep-red  color  developed.  The  red  solution  was 
stirred  for  30  minutes,  then  filtered  into  a 250  ml  round-bottomed 
flask.  The  excess  N^  was  flushed  with  dry  nitrogen  gas  (-3  hour), 
and  the  solvent  was  removed  by  rotoevaporation  to  give  a deep-pink 
viscous  liquid.  Upon  scratching  the  interior  part  of  the  flask,  a 
dark-pink  crystalline  solid  was  formed.  The  pink  crystals  were  dried 
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overnight  under  vacuum  at  room  temperature  to  give  5.67  g (95.6%)  of 
pink  crystals;  m.p.  74-78°C.  Sublimation  was  accomplished  at  60-70°C 
under  a vacuum  of  less  than  0.6  mm;  m.p.  78-81°C;  lit.76  m.p.  57-61°C. 
The  pink  solid  was  stored  in  the  absence  of  light  in  a desiccator 
until  it  was  used. 

IR  (KBr):  3580  (w),  3090  (w),  3070  (w).  7990  (m),  2942  (w),  2078 
(w),  1985  (w),  1960  (w),  1915  (w),  1760  (s).  1665  (sh),  1588  (w),  1520 

(w),  1495  (m),  1460  (m),  1385  (s),  1375  (s),  1345  (s),  1285  (m),  1215 

(m),  1180  (s),  1160  (m),  1115  (w),  1080  (w),  1060  (w),  1020  (m),  980 

(m),  935  (m),  840  (w),  780  (s),  770  (m),  735  (s),  700  (s),  680  (s), 

650  (w),  640  (m)  cm"1. 

NMR  (DHSO-dg,  TMS):  6 1.75  (d.  3H.  J . 7.2  Hz).  5.25  (q,  1H. 

J ■ 7.3  Hz),  7.40  (m,  5H). 

13C  NMR  (DHS0-d6,  TMS,  int.  ref.  DMSO-dg):  17.13,  52.56,  126.93, 
128.01,  128.45,  138.44,  159.69. 

M®  -61  (c  ' 2-0.  CH2C1 2 ) . Lit.76  [a]75  -48.6  (C  ■ 3.7,  CHgClg). 

Synthesis  of  Model  Cpmpounds 
S-(-)-4-(«-Hethylbenzyl)-l-allvlurazole  (121) 

S-(-)-4-(o-Methyl benzyl )-l,3,5-triazoline-2,4-dione  (119)  (1.5  g, 
0.0073  mole)  was  placed  in  a 50  ml  round-bottomed  flask  with  15  ml  of 
methylene  chloride.  The  dark-pink  solution  was  stirred  by  a magnetic 
stirrer,  and  propylene  was  bubbled  slowly  through  the  solution  until 
all  the  pink  color  had  disappeared  (-4  hour).  Methylene  chloride  was 
removed  by  rotoevaporation,  and  a pale-yellow  viscous  oil  remained. 
Ether  was  added  (5  ml),  and  slow  evaporation  gave  1.81  g of  a white 
solid  (100%).  Purification  was  performed  by  sublimation  at  80°C  under 
a vacuum  of  less  than  0.3  mm;  m.p.  73.5-75. O^C. 
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Elemental  analysis  calculated  for  CjjHjgNgOg!  C,  63.66;  H,  6.16; 
N,  17.13.  Found;  C,  63.75;  H,  6.17;  N,  17.09. 

IR  (KBr):  3450  (w),  3170  (s,  br),  3017  (w).  2990  (w),  2940  (w), 
2910  (w),  1770  (s),  1685  (s),  1600  (sh),  1580  (w),  1490  (m),  1440  (s), 
1414  (s),  1380  (S),  1345  (m),  1305  (m),  1235  (m),  1190  (w),  1160  (w), 
1110  (w),  1090  (w),  1045  (m),  1025  (m),  1000  (m),  980  (m),  930  (s), 

895  (m).  845  (w).  780  (s),  760  (s),  712  (s),  695  (s),  620  (m),  610 

*H  NMR  (DHSO-dg,  TMS):  61.77  (d,  3H,  J - 7.5  Hz),  4.03  (d,  3H, 

J = 6.0  Hz),  5.2  (m,  3H),  5.79  (tt,  1H,  0 ■ 6.0  Hz),  7.30  (m,  5H), 
10.49 (s,  1H). 

13C  NMR  (DMSO-dg,  TMS,  int.  ref.  DHSO-dg):  17.3,  48.4,  49.8, 
119.0,  126.5,  128.3,  127.4,  131.5,  140.6,  153.6,  153.4. 

LRMS  (70  eV,  m/e,  rel.  intensity):  246  (M+  + 1,  1.1),  245  (M+, 
6.5),  141  (12.9),  132  (3.9),  105  (100.0),  104  (22.8),  79  (7.8),  77 
(11.8),  39  (4.4),  28  (14.5). 

HRMS  (C^HjgNgOj  requires:  245.1164).  Found:  245.1157. 

Mp5  -34.8  (C  = 10.0,  CHjClj). 

S-f-)-4-(q- Methyl  benzyl  1-1- (2 ,3-di bronopropyl )urazole  (125) 

Into  a 25  ml  three-necked,  round-bottomed  flask,  which  had  been 
wrapped  with  foil  and  equipped  with  a drying  tube  containing  anhy- 
drous Ca2SO„  and  an  addition  funnel,  was  placed  0.30  g (0.0012  mole) 
of  S- (- )-4- (o-methyl benzyl )-l-al lyl urazol e (121)  and  7 ml  of  carbon 
tetrachloride.  A solution  of  0.19  g (0.0012  mole)  of  bromine  in  5 ml 
of  CC14  was  added  dropwise  to  the  stirred  mixture.  At  the  end  of 
addition,  the  mixture  was  stirred  at  room  temperature  for  2 hour. 


The  pale-yellow  solid  was  filtered,  washed  with  cold  CC1,,  and  dried 
under  vacuum  to  give  0.40  g (82%)  of  product.  Recrystallization 
twice  from  methanol  gave  colorless  crystals;  m.p.  178. 0-179. 0°C. 

Elemental  analysis  calculated  for  C13H15N302Br2:  C,  38.54;  H, 
3.73;  N,  10.37.  Found:  C,  37.99;  H,  3.57;  N,  10.18. 

IR  (KBr):  3140  (s,  br),  2992  (w),  2940  (w),  1765  (s),  1680  (s), 

1495  (w),  1470  (s),  1450  (s),  1435  (s),  1388  (m),  1380  (m),  1370  (m), 

1338  (w),  1280  (w),  1252  (m),  1232  (m),  1218  (m),  1200  (w),  1150  (m), 

1080  (m),  1070  (w),  1050  (w),  1030  (w),  1010  (w),  1005  (w),  950  (w), 

930  (m),  800  (m),  790  (m),  760  (s),  725  (m),  700  (s),  688  (m),  648 
(m)  cm-1. 

*H  NMR  (DMSO-dg,  TMS):  6 1.76  (d,  3H,  J = 7.5  Hz),  3.84  (dd, 

2H,  J = 4.5  Hz),  4.00  (m,  2H),  4.62  (m,  1H),  5.20  (q,  1H,  J = 7.5), 
7.31  (m,  5H),  10.52  (s,  1H). 

13C  NMR  (DMSO-dg,  TMS,  int.  ref.  DMSO-dg):  17.20,  35.47,  49.45, 
49.73,  50.62,  126.48,  127.32,  128.25,  140.30,  153.40,  153.53. 

LRMS  (70  eV,  m/e,  rel.  intensity):  323  (M+-Br,  0.7),  245  (1.7), 
141  (3.6),  105  (100.0),  104  (15.2),  82  (3.8),  80  (3.9),  77  (10.9), 

51  (4.0),  41  (5.5),  39  (4.5),  28  (8.0). 

HRMS  (CjjHj^OjNjBt,  M+-Br  requires  323.0269).  Found:  323.0267. 

[a]p5  -23.0  (C  = 9.90  OMSO). 

Reaction  of  S- (-)-4-fg-Methv1 benzyl) -1.2. 4-triazoline-3.5-dione  (ng) 

A 100  ml  three-necked  round-bottomed  flask  was  charged  with  12.13 
g (0.147  mole)  of  1,5-hexadiene  and  30  ml  methylene  chloride.  The 
flask  was  equipped  with  a drying  tube 


containing  anhydrous  Ca.,S0, 


magnetic  bar.  The  stirrer 


solution 


of  1.00  g 

(0.00492  mole)  of  S-(-)-4-(a-methylbenzyl )-l,2,4-triazo1ine-3,5- 
dione  in  20  ml  of  methyl  chloride  was  added  dropwise  through  an 
addition  funnel.  After  about  5 hours*  a pale-yellow  solution  was  ob- 
tained. The  solution  was  stirred  at  room  temperature  overnight. 
Evaporation  of  solvent  by  rotary  evaporation  left  a viscous  oil, 
which  was  dried  overnight  in  a vacuum  desiccator.  The  yield  was 
1.35  g of  pale-yellow  oil  (96.4*).  Purification  was  performed  via 
column  chromatography  using  silica  gel  and  acetone:methanol  (50:50). 
The  pure  product  was  a pale-yellow  oil. 

IR  (KBr) : 3440  (m,  br),  3170  (s,  br),  3060  (m),  3020  (m),  2970 
(m),  2930  (m),  1760  (s),  1690  (s),  1600  (w),  1580  (w),  1440  (m), 

1425  (s,  br),  1375  (m),  1220  (m,  br),  1150  (w),  1080  (w),  1020  (m), 
970  (m),  910  (m),  760  (s),  690  (s)  cm'1. 

*H  NMR  (DMS0-dg,  int.  ref.  DMS0-dg):  6 1.74  (d,  3H,  J = 7.3 
Hz),  2.75  (t,  2H,  J ■ 6.0  Hz),  3.97  (d,  2H,  J = 5.5  Hz),  5.12  (m, 

3H),  5.72  (m,  3H),  7.32  (m,  5H),  10.41  (s,  1H). 

13C  NMR  (DMS0-d6,  TMS,  int.  ref.  DMS0-dg):  17.32,  35.58,  47.67, 
49.66,  115.70,  123.72,  126.41,  127.31,  128.31,  132.91,  136.05,  140.60, 
153.35,  153.67. 

LRMS  (70  eV,  m/e,  rel.  Intensity):  285  (M+,  1.03),  205  (6.71), 
105  (100.00),  81  (28.26),  77  (11.18),  67  (3.23),  57  (1.82),  53  (4.45), 
51  (3.33),  41  (6.61),  28  (6.44). 

HRMS  (CijHjjNjO^  requires  285.1477).  Found:  285.1475. 

Wo5  -25.8  (C  - 16.76,  CH2C12). 
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Reaction  of  S-(-)-4-(a-Methvlbenzyl)-1.2.4-triazol1ne-3.5-dione  (119' 

S-(-)-4-(a-methy1 benzyl )-l,2,4-triazoline-3,5-dione  (1.00  g, 

4.92  * 10"3  mole)  was  placed  In  a 50  ml  round-bottomed  flask,  and 
20  ml  of  THF  was  added.  The  deep-pink  solution  was  stirred  by  a mag- 
netic stirrer,  and  the  flask  was  fitted  with  a water-cooled  condenser. 
The  flask  was  heated  by  means  of  a heating  mantel,  and  the  pink  solu- 
tion was  refluxed  for  8 hours.  At  the  end  of  the  refluxing  period,  a 
pale-yellow  solution  was  obtained.  The  excess  THF  was  removed  by 
rotary  evaporation,  and  the  pale-yellow  viscous  oil  remaining  was 
dried  in  a vacuum  desiccator  at  65°C  for  several  hours.  The  yield 
was  1.30  g (963%,  based  on  one-to-one  adduct).  This  viscous  oil 
solidified  upon  standing  at  room  temperature.  Fractional  crystalli- 
zation from  diethyl  ether  yielded  a white  solid,  m.p.  122-124°C. 

IR  (KBr):  3430  (w),  3120  (s),  2975  (m),  2935  (m),  2900  (w), 

1760  (s),  1690  (s),  1580  (m),  1490  (m),  1440  (s),  1380  (s),  1340  (w), 
1255  (w),  1240  (w),  1210  (m),  1260  (m),  1070  (s),  1045  (m),  1025  (m), 
980  (m),  965  (m),  925  (m),  785  (m),  770  (m),  725  (m),  700  (s),  620 
(m),  610  (m)  cm"1. 

NMR  (DHSO-dg,  TMS):  6 1.75  (d,  3H,  J ■ 7.3  Hz),  2.00  (m, 

4H),  3.73  (m,  2H),  5.19  (g,  1H,  J = 7.4  Hz),  5.70  (dist.  t,  1H), 

7.34  (s,  5H),  10.23  (s,  br,  1H). 

13C  NMR  (DMSO-dg,  TMS,  int.  ref.  DMS0-dg) : 17.28,  17.42,  24.54, 
27.85,  49.73,  49.93,  68.64,  85.61,  85.65,  126.50,  127.47,  128.45, 
140.39,  140.53,  154.32,  154.47. 
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13C  NMR  - off  resonance  (OMSO-dg,  TMS,  int.  ref.  DMSO-dg):  17.40 
(q,  CH3,  J ■ 42.75  Hz),  24.59  (t,  CHg.  J ■ 43.88  Hz),  27.90  (t,  CHj, 

J = 45.08),  49.83  (d,  CH,  J = 63.35  Hz),  68.89  (t,  CH2,  J ■ 58.50  Hz), 
85.65  (d,  CH,  J = 78.00  Hz),  126.57  (d,  CH,  J = 81.62  Hz),  127.52  (d, 
CH,  J = 82.85),  128.47  (d,  CH,  J = 84.00  Hz),  140.53  (s,  -C=),  154.35 
(s.  -C-). 

[a]35  -51.8”  (C  = 10.0,  CHjClj). 

Synthesis  of  Optically  Active  Polymers 
Modification  of  Polydienes  with  S-f-'CTO  (1191 

Cis-1, 4-polybutadiene  was  obtained  from  Aldrich  Chemical  Co. 
1,2-Syndiotactic  polybutadiene  and  polybutadiene  liquid,  85*  vinyl 
1,2  content  (M.H.  2000),  were  purchased  from  Polysciences,  Inc. 

Modification  of  cis-l,4-po1ybutadiene  at  5*  conversion:  Percent- 
age of  S-(-)CTD  was  added  based  on  molar  repeating  unit  of  the  poly- 
dienes. Into  a 250  ml  Erlenmeyer  flask,  1.00  g (0.0185  mole)  of  cis- 

1. 4- polybutadiene  was  dissolved  in  100  ml  of  toluene.  A solution  of 
0.1878  g (0.000924  mole)  of  S-(-)-4-(o-methylbenzyl)-l,2,4-triazoline- 

3.5- dione  in  10  ml  of  toluene  was  added  all  at  once  at  room  tempera- 
ture. The  pink  color  disappeared  in  less  than  8 minutes.  The  color- 
less solution  was  stirred  at  room  temperature  overnight,  then  was  con- 
centrated to  a volume  of  50  ml  and  added  slowly  to  200  ml  of  95*  eth- 
anol containing  0.5*  of  2, 6-di-tert-butyl -4-methyl phenol  (BHT)  as  an- 
tioxidant. The  polymer  was  dried  in  a vacuum  desiccator  for  24  hours 
at  room  temperature  to  give  1.072  g (90.2*)  of  white-to-clear  rubbery 


material. 
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fit  10*  conversion:  2.00  g of  the  cis-1 ,4-polybutadiene  was  dis- 
solved In  40  ml  of  toluene.  S-(-)CT0  (0.751  g)  In  15  ml  of  toluene 
was  added.  The  reaction  was  complete  in  about  30  minutes;  95*  etha- 
nol was  used  as  a non-solvent  reagent.  The  modified  polymer  is  a 
white,  rubbery  material;  yield  is  87.2*. 

At  20*  conversion:  1.00  g of  polydiene  was  dissolved  in  150  ml 
of  toluene.  S-(-)CTD  (0.751  g)  in  20  ml  of  toluene  was  added.  After 
4 hours,  the  deep-pink  color  of  S-(-)CTD  faded.  The  modified  polymer 
was  insoluble  in  toluene  in  this  case  and  was  removed  from  the  solvent 
and  dried  under  vacuum  to  yield  1.60  g (91.4*)  of  rubbery,  pale-yellow 
material. 

At  30*  conversion:  1.00  g of  cis-l,4-polybutadiene  was  dissolved 
in  150  ml  of  toluene.  S-(-)CTD  (1.13  g)  in  30  ml  of  toluene  was  added 
all  at  once.  The  color  of  S-(-)CTD  disappeared  after  4 days.  A mass 
of  polymer  precipitated  after  addition  of  S-(-)CT0.  The  modified 
polymer  was  removed  from  the  solvent  and  dried  to  yield  1.70  g (80. OS) 
of  rubbery  material . 

At  50*  conversion:  1.00  g of  polydiene  was  dissolved  in  100  ml 
of  toluene.  S-(-)CTD  (1.88  g)  in  25  ml  of  toluene  was  added,  and  a 
precipitate  formed  Immediately.  DHS0  (50  ml)  was  added.  The  deep- 
pink  color  disappeared  in  about  8 hours.  Ethanol  (95*)  was  used  as 
a non-solvent  reagent.  The  modified  polymer  is  a brittle  solid. 

At  100*  conversion:  1.00  g of  cis-l,4-po1ybutadiene  was  dis- 
solved in  400  ml  of  THF.  A solution  of  3.75  g of  S-(-)CTD  in  60  ml 
of  toluene  was  added  dropwise  over  a period  of  9 hours.  The  charac- 
teristic color  of  S-(-)CTD  faded  after  24  hours.  The  modified  polymer 


Is  soluble  In  THF.  The  pale-yellow  solution  was  concentrated  to 
about  50  ml  and  was  added  slowly  into  300  ml  of  anhydrous  diethyl 
ether  containing  0.5*  of  2,6-di-tert-butyl-4-methylphenol  (BHT)  as 
antioxidant.  A white  solid  was  obtained  and  dried  to  yield  3.85  g 
(81.0*)  of  off-white  powder;  softening  point  163°C. 

IR  (KBr):  3450  (m,  br),  3220  (m,  br).  3060  (w),  3040  (w),  2940 
(w),  1765  (s),  1700  (s).  1500  (w),  1430  (s),  1380  (m),  1250  (w,  br), 
1160  (w),  1090  (w),  1050  (w),  1030  (m),  980  (m),  760  (m),  700  (m), 

610  (m)  cm'1. 

Modification  of  1.2-Svndiotactic  Polvbutadiene  at  100*  Conversion 

Into  a 500  ml  three-necked,  round-bottomed  flask  equipped  with 
a mechanical  stirrer,  water-cooled  condenser  attached  to  a drying 
tube  containing  silica  gel  and  thermometer  was  placed  0.50  g (9.24  x 
10'  mole)  of  1,2-syndiotactic  polybutadiene  and  200  ml  of  methylene 
chloride.  The  flask  was  heated  by  means  of  a heating  mantel,  and  the 
stirrer  was  started.  The  mixture  was  refluxed  overnight,  during 
which  time  the  polymer  completely  dissolved.  S-(-)-4-(o-methylbenz- 
yl)-l,2,4-triazoline-3,5-dione  (1.88  g,  9.24  x 10'3  mole)  was  added 
in  one  portion.  The  deep-pink  solution  was  refluxed  for  28  hours, 
after  which  a pale-yellow  solution  was  obtained.  Refluxing  was  con- 
tinued for  48  hours.  The  methylene  chloride  was  removed  by  rotary 
evaporation,  and  a yellow  solid  remained  which  was  dried  to  yield 
2.40  g (100*)  of  a pale-yellow  solid.  This  solid  was  dissolved  in 
20  ml  of  methylene  chloride  and  then  slowly  dropped  into  300  ml  of 
diethyl  ether  containing  0.5*  of  BHT  as  antioxidant.  A white  precipi- 
tate was  obtained,  filtered  and  dried  to  give  a white  solid  (1.80  g, 
75*) ; softening  point  185°C. 


59 

IR  (KBr):  3460  (m,  br),  3200  (m,  br),  3060  (m),  3030  (m),  2980 
(">).  2930  (m),  1765  (s),  1700  (s),  1490  (m),  1420  (s),  1380  (s),  1210 
(■).  1160  (m),  1070  (w),  1050  (m),  1025  (m),  990  (m),  910  (m),  830 
(m),  760  (m),  700  (s),  610  (m)  cm"1. 

Polybutadiene,  85*  vinyl  1,2  content  (M.W.  2000),  was  also  modi- 
fied at  100*  conversion  with  S-(-)CTD  in  methylene  chloride  at  40°C 
by  the  same  procedure  as  above.  A white  solid  was  obtained  after 
purification  from  the  methylene  chloride/ether  system.  A 75*  yield 
was  obtained  after  purification;  softening  point  167°C.  The  IR  (KBr) 
spectrum  is  exactly  the  same  as  the  1,2-syndiotactic  polybutadiene 
modified  at  100*  conversion. 


CHAPTER  III 


In  1967,  Cookson,  Gllanl  and  Stevens 35  reported  that  4-phenyl- 
l,2,4-tr1atol1ne-3,5-dione  (2b)  reacts  with  styrene  and  leads  to  a 
double  Diels-Alder  adduct,  87.  Reinvestigation  of  this  reaction  by 
Hagener,  Turner  and  Butler77  revealed  that  the  Diels-Alder-ene  ad- 
duct, 88,  was  also  formed  in  approximately  a 2:1  ratio  of  88  to  87 
(Scheme  XVI). 


Scheme  XVI 
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This  reaction  Is  similar  to  the  case  in  which  styrene  reacts 
with  maleic  anhydride78  in  a Diels-Alder-ene  fashion  to  yield  2:1 
adducts  89  and  90.  Ethyl  azobisformate1*  also  reacts  with  styrene 
to  give  adducts  with  similar  structures. 


89 


Wagener,  Turner  and  Butler77  also  Investigated  the  reaction  of 
styrene  with  bis-triazolinediones  which  lead  to  the  formation  of  co- 
polymers containing  both  double  Diels-Alder  and  Diels-Alder-ene  re- 
peating units.  This  was  the  first  example  of  a propagation  mechanism 
involving  predominantly  a Diels-Alder-ene  reaction  sequence.  A ki-  • 
netic  and  mechanistic  investigation  of  such  a copolymerization  was 
carried  out  by  Lai.79 

The  first  aim  of  this  research  was  to  find  a suitable  plasticizer 
for  the  development  of  a new  elastomeric  impression  material  using 
bis-triazolinedione  as  a cross-linking  agent.  Eugenol  is  a naturally 
occurring  product.  It  has  been  used  in  perfumery  as  a substitute  for 
oil  of  cloves,  in  manufacturing  vanillin,  in  preparation  of  zinc  oxide 
dental  cements,  etc.  For  our  purposes,  isoeugenol  (2-methoxy-4-pro- 
penyl phenol , 91)  was  selected  as  a potential  plasticizer,  since  it  has 


a functionality  of  three  and  can  be  incorporated  into  the  cross-link 
polymerization.  Therefore,  it  was  important  to  evaluate  its  reac- 
tivity with  bis-triazolinedione. 

Reaction  of  lsoeunenol  with  Methyl  isocyanate 

In  general,  triazolinediones  react  with  hydroxyl  groups;  thus, 
it  became  necessary  to  protect  the  hydroxyl  group  of  isoeugenol.  Al- 
though the  reaction  of  isoeugenol  91  with  isocyanate  has  been  report- 
ed, 1 no  experimental  details  are  available.  Isoeugenol  91  was  al- 
lowed to  react  with  an  excess  of  methylisocyanate,  92,  in  ligorin  in 
the  presence  of  triethylamine  as  catalyst.  The  product  precipitated 
in  high  yield  after  2 days  and  was  fully  characterized  by  conventional 
methods  (Scheme  XVII).  The  IR  of  product  93  showed  no  OH  peak,  but  it 
Scheme  XVII 
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had  a peak  at  3320  cm  * which  corresponded  to  an  N-H  peak;  it  also 
showed  carbonyl  peaks  at  1738  and  1714  cm"1  due  to  dimerization  via 
hydrogen  bonding  and  resonance  effects.  The  13C  NMR  spectrum  showed 
carbonyl  carbon  at  154.79  ppm  and  CH,-N  at  27.14  ppm.  The  13C  NMR 
spectrum  of  compound  93  is  shown  in  Figure  1. 

Detailed  investigations  of  the  isocyanate-hydroxyl  reaction  have 
been  reported  by  Baker  and  coworkers.80"83  The  base  catalyzed  reac- 
tion is  thought  to  follow  the  mechanism  shown  in  Scheme  XVIII. 


[R-N-C-0  *+  R-N=C-0]  ♦ :B  — ^ [R-C-C-0] 


Model  Compound  Studies 

For  most  polymers  except  those  with  very  simple  structures,  the 
NMR  spectra  generally  are  complicated  and  broad.  Therefore,  it  would 
be  difficult  to  determine  their  structure  by  NMR  alone.  However, 
with  the  aid  of  well-defined  model  compounds,  structure  determination 
of  polymers  can  be  made  much  easier. 

For  the  first  part  of  this  research,  two  new  model  compounds 
were  synthesized.  These  model  compounds  are  derived  via  reaction  of 
2-methoxy-4-propeny1 phenyl  methylcarbamate  (93)  with  MeTD  (2a)  and 
PhTD  (2b).  4-Ph  and  Me  triazolinediones  were  prepared10,6®  (Scheme 
XIX). 

When  compound  93  was  allowed  to  react  with  2a,  the  deep-pink 
color  of  MeTD  disappeared  in  less  than  40  seconds  with  an  exothermic 
reaction.  A white  precipitate  was  formed  after  a few  hours.  Recrys- 
tallization from  H20:Et0H  gave  white  crystals  with  a melting  point  of 
211-215°C.  Elemental  analysis  was  consistent  with  a 1:2  adduct.  *H 
NMR  analysis  showed  a peak  at  10.21  ppm  which  Is  a singlet  and  was 
assigned  to  the  N-H  protons  of  the  urazole  moiety.  This  peak  dis- 
appeared when  DjO  was  added.  Peaks  at  6.98  ppm  and  7.96  ppm  were 


assigned  to  aromatic  protons; 


assigned  to  two  non-equivalent  methyl  groups.  The  13C  NMR  spectrum 
showed  five  non-equivalent  carbonyl  groups  at  148.00,  148.16,  153.77, 
153.93  and  154.06  ppm.  Peaks  at  110.26  ppm  and  114.31  ppm  were  as- 
signed to  the  methine  carbon  of  the  aromatic  ring.  The  spectral  evi- 
dence is  consistent  with  the  Diels-Alder-ene  adduct  structure  95.  The 
mother  liquor  from  the  first  filtration  was  evaporated,  leaving  a 
small  amount  of  pale-yellow  solid.  Ill  and  NMR  spectra  of  this  com- 
pound were  almost  identical  to  those  of  compound  95,  with  some  impur- 
ity, which  was  less  than  2*  and  was  assumed  to  be  double  Diels-Alder 
adduct  96.  Therefore,  reaction  of  compound  93  with  MeTD  (2a)  leads 
to  one  product  (D.A.-ene  adduct)  almost  exclusively.  The  *H  NMR  and 
13C  NMR  spectra  of  compound  95  are  shown  in  Figures  2,  3,  4 and  5. 

4-Phenyl-l,2,4-triatoline-3,5-dione  (2b)  also  was  allowed  to 
react  with  compound  93.  The  red  color  of  PhTD  disappeared  in  less 
than  30  seconds  with  an  exothermic  reaction.  After  about  3 minutes, 
a white  precipitate  formed.  The  white  solid  was  recrystal 11  ted  from 
95S  ethanol  to  give  shiny,  colorless  crystals  that  had  a melting 
point  of  188-191°C.  Elemental  analysis  was  in  agreement  with  a 1:2 
adduct.  The  H NMR  spectrum  (Figure  6)  showed  a peak  at  10.78  ppm 
which  was  assigned  to  the  N-H  proton  of  the  urazole  moiety;  this  peak 
also  disappeared  upon  addition  of  one  drop  of  DjO  to  the  NMR  tube. 

Peaks  at  7.14  ppm  and  8.07  ppm  were  assigned  to  the  aromatic  proton 
attached  adjacent  to  the  methoxy  group  and  the  proton  attached  next 
to  the  urethane  group,  respectively.  The  peak  at  7.74  ppm  is  a dis- 
torted quartet  and  was  assigned  to  the  N-H  proton  of  the  urethane  group. 


72 

This  peak  disappears  slowly  with  addition  of  DjO.  The  13C  NMR  spectra 
(Figures  7 and  8)  showed  peaks  at  110.78  ppm  and  114.54  ppm  which  were 
assigned  to  the  protonated  carbons  of  the  fused  aromatic  ring.  The 
peaks  at  55.92  ppm  and  113.68  ppm  were  assigned  to  the  methine  carbon 
attached  to  the  aromatic  ring  and  the  quaternary  carbon  of  the  aro- 
matic ring  attached  to  the  methine  carbon,  respectively.  Based  on  the 
H NMR  and  13C  NMR  analyses,  it  is  clear  that  this  crystalline  solid 
is  formed  via  a Diels-Alder-ene  sequence.  Thus,  structure  97  was 
assigned  to  the  compound  (Scheme  XIX).  The  mother  liquor  from  the 
first  filtration  gave  a small  amount  of  yellow  solid  which,  based  on 
the  IR  and  NMR  spectra,  had  a structure  similar  to  compound  97,  with 
a small  amount  of  impurities  (-351).  These  impurities  could  have  been 
formed  via  a double  Diels-Alder  reaction  pathway,  98.  Thus,  reaction 
of  4-PhTD  with  compound  93  is  stereoselective  and  leads  to  essentially 
one  product.  Although  the  Diels-Alder  reaction  occurs  faster  than  the 
ene  reaction,  the  activation  energy  for  an  ene  reaction  is  higher  than 
that  for  the  analogous  Diels-Alder  reaction.  However,  steric  and 
electronic  effects  could  and  will  change  this  behavior.  As  can  be 

the  first  step  of  the  reaction  is  the  Diels-Alder  reaction  (the  faster 

way  or  by  the  Diels-Alder  reaction.  However,  two  factors  will  favor 
an  ene  reaction  pathway.  First,  the  bulky  groups  of  the  methyl  ure- 
thane and  methoxy  will  prevent  the  approach  of  the  second  mole  of 
triazolinedione  for  the  Diels-Alder  attack.  Second,  the  rearomatiza- 


process.  Therefore,  steric 


electronic  factors  favor  the  formation  of  only  the  Diels-Alder-ene 
adducts  95  and  97.  The  XH  NMR  and  13C  NHR  data  of  compounds  95  and 
97  are  sutnnarized  in  Tables  I and  II. 

Synthesis  and  Identification  of  Bis-triazolinediones 

Two  bis-triazolinediones,  I,6-bis-(3,5-dioxo-l,2,4-triazol ine-4- 
yl ) hexane  (108)  and  bis-(p-3,5-dioxo-l,2,4-triazoline-4-ylphenyl )- 
methane  (109),  were  selected  for  this  study.  These  bis-triazoline- 
diones were  synthesized  by  the  method  developed  by  Turner,74  Wagener77 
and  Saville®3  with  some  modifications.  The  reactions  are  shown  in 

Bis-triazolinedione  108  was  prepared  in  four  steps:  One  mole  of 
1,6-hexane  diisocyanate  (99)  was  allowed  to  react  with  two  moles  of 
ethylhydrazine  carboxylate6,69  (101)  in  benzene  at  10°C.  A volu- 
minous white  slurry  formed  after  2 minutes,  and  a white  solid  was  ob- 
tained in  almost  quantitative  yield  after  filtration  and  drying.  This 
compound  was  characterized  by  IR,  *H  NHR  and  13C  NHR,  and  no  further 
purification  was  necessary.  Cyclization  of  compound  m2  was  performed 
with  a fresh  solution  of  sodium  ethoxide  at  reflux  temperature.  The 
disodium  salt  (104)  was  isolated  as  a light-yellow  solid.  As  had  been 
reported77  previously,  compound  104  was  converted  to  its  acidic  form, 
106,  In  low  yield  using  concentrated  hydrochloric  acid.  A new  method 
was  developed  in  order  to  achieve  higher  yield.  Thus,  95"  ethanol  was 
added  to  the  pale-yellow  solid,  104,  which  was  then  acidified  with  gla- 
cial acetic  acid  to  give  a clear,  yellowish  solution.  Addition  of 
methylene  chloride  and  cooling  in  a freezer  furnished  a white  solid. 


TABLE  I 


Solvent  DMSO-dg,  Int.  Ref.  TMS.  Values  reported  in  & units. 
Abbreviations  used  are  s = singlet,  d = doublet,  q = quartet, 
m = multiplet,  br  = broad. 


Table  II 


Values  reported 


Scheme 


Recrystallization  from  hot  water  gave  white  crystals.  The  elemental 
analysis  is  in  agreement  with  the  assigned  structure,  106.  The  IR  of 
the  pale-yellow  solid,  104,  showed  two  carbonyl  peaks  at  1695  and 
1600  cm  , whereas  that  of  compound  106  showed  only  one  carbonyl  peak 
at  1685  cm  *.  The  NMR  spectrum  of  compound  106  showed  a peak  at 
1.40  ppm  which  was  assigned  to  the  four  methylene  protons  (Cj-Cj). 

The  peaks  at  3.36  ppm  (triplet)  were  assigned  to  the  methylene  protons 
attached  to  the  nitrogen  atom  of  the  urazole  ring.  The  peak  at  9.77 
ppm  was  assigned  to  the  protons  attached  to  the  nitrogen  atom.  The 
13C  NMR  spectrum  showed  a peak  at  25.56  ppm  which  was  assigned  to  the 
Cg  and  C5  carbons;  the  peak  at  27.56  ppm  was  assigned  to  the  C,  and  C- 
carbons;  the  peak  at  37.94  ppm  was  assigned  to  the  Cj  and  Cg  carbons; 
the  peak  at  155.25  ppm  was  assigned  to  the  carbonyl  groups.  Oxidation 
of  compound  106  with  fuming  nitric  acid  at  -10°C  gave  a light-pink 
solid.  Purification  was  achieved  by  dissolving  the  pink  solid  in 
ethyl  acetate  and  slowly  dropping  the  solution  into  cyclohexane.  Ele- 
mental analysis  of  the  pink  solid  was  in  agreement  with  the  assigned 
structure,  108. 

Bis-triazolinedione  109  was  prepared  by  a similar  procedure  to 
108,  except  bis-urazole  107  was  synthesized  via  cyclization  of  com- 
pound 103  with  4 N potassium  hydroxide  followed  by  acidification  with 
concentrated  hydrochloric  acid.  The  dipotassium  salt,  105,  was  not 
isolated  in  this  case. 

The  'h  NMR  spectrum  of  compound  107  showed  a peak  at  4.00  ppm 
which  was  assigned  to  the  methylene  protons;  a peak  at  7.39  ppm  (m) 
was  assigned  to  the  aromatic  protons;  a peak  at  10.43  ppm  was  assigned 
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to  the  N-H  protons.  The  ,3C  NMR  spectrum  in  DMSO-d,  showed  a peak  at 
40.11  ppm  which  was  assigned  to  the  methylene  carbon.  The  peak  at 
125.97  ppm  was  assigned  to  the  ortho  carbons  of  the  aromatic  rings. 
The  peak  at  128.96  ppm  was  assigned  to  the  meta  carbons;  the  peak  at 
129.84  ppm  was  assigned  to  the  para  carbons;  the  peaks  at  140.46  ppm 
were  assigned  to  the  carbons  attached  to  the  nitrogen  atoms.  The 
peak  at  153.43  ppm  was  assigned  to  the  carbonyl  carbons. 

Oxidation  of  compound  107  was  performed  by  two  methods.  In 
Method  A,  bis-urazole  107  was  oxidized  by  gaseous  dinitrogentetroxide 
in  the  presence  of  anhydrous  sodium  sulfate  in  methylene  chloride  at 
-6°C.  After  workup,  a red  solid  was  obtained.  Further  purification 
was  accomplished  by  dissolving  the  solid  in  ethyl  acetate  and  precipi- 
tating into  n-hexane.  In  Method  8,  oxidation  was  achieved  by  use  of 
fuming  nitric  acid,  and  purification  was  accomplished  similarly  to 
that  of  Method  A.  The  yield  in  the  latter  case  was  much  lower.  Data 
on  the  yield,  melting  point  and  purification  procedures  are  shown  in 
Table  III. 

Synthesis  and  Characterization  of  Copolymers 

The  second  aim  of  this  investigation  was  to  evaluate  the  reac- 
tivity of  compound  93  with  bis-trlazoHnediones  J08  and  109.  Thus, 
equal  moles  of  compound  93  in  N.N-dimethylformamide  (DMF)  were  allowed 
to  react  with  bis-trlazolinedione  108  at  room  temperature.  The  reac- 
tion (Scheme  XXI)  was  spontaneous,  fast,  and  highly  exothermic.  The 
deep-pink  colored  solution  of  bis-triazolinedione  108  disappeared  in 
less  than  40  seconds.  The  polymer  that  formed  was  soluble  in  0MF. 

The  pale-yellow  solution,  after  stirring  for  48  hours  at  room 


Table  III 


Data  on  Yield,  Melting  Points,  and  Purification 
For  The  Synthesis  of  Bis-triazolinediones 


R Compound 

Yield  ! Melting  Points  ”C  From 

HM  102 

OPM  103 

HM  104 

HM  106 

OPM  107 

100  202-203 

94  253-256 

100  >300 

ot  isolated 

75  223-224  HjO 

94  >300  Me0H:H20 

HM  108 

80  146-149  EtAC/[^J 

10. 

Scheme  XXI 


temperature,  was  added  dropwise  to  diethyl  ether,  resulting  in  a white 
precipitate.  Further  purification  was  achieved  by  dissolving  the 
white  solid  in  DMF  and  precipitation  into  diethyl  ether.  This  proce- 
dure was  repeated  twice.  The  white  solid  was  dried  in  a vacuum  oven 
at  90°C  for  48  hours  to  ensure  complete  removal  of  DMF.  The  copolymer 
is  a white  solid  and  is  soluble  in  dimethyl  sulfoxide  (DMSO),  DMF, 

CHC13  and  slightly  soluble  in  ethanol,  ethyl  acetate,  and  methanol. 

The  reaction  of  compound  93  with  bis-triazolinedione  109  was  also 
spontaneous,  fast  and  highly  exothermic;  the  reaction  was  performed  in 
DMF.  The  red  color  changed  to  pale-yellow  in  less  than  35  seconds. 

The  copolymer  remained  soluble  in  DMF  and  was  precipitated  into  ether. 
The  resulting  copolymer  was  an  off-white  solid  and  is  soluble  in  high- 
ly polar  solvents  such  as  DMSO  and  DMF.  It  is  insoluble  in  ethanol, 
acetone  and  ethyl  acetate,  but  slightly  soluble  in  THF. 

The  copolymers  prepared  from  bis-triazolinediones  108  and  109 
and  compound  93  were  characterized  by  IR,  13C  NKR,  NMR,  viscometry, 
membrane  osmometry  (MO),  and  differential  scanning  calorimetry  (DSC) 
in  order  to  determine  the  microstructures,  molecular  weights  and  ther- 
mal stabilities  of  the  copolymers. 

The  microstructures  of  the  copolymers  were  determined  mainly  by 
'h  NMR  and  13C  NMR  spectroscopy,  since  the  IR  spectra  of  the  copoly- 
mers did  not  give  much  structural  information  because  of  overlap  of 
IR  absorption  peaks.  The  assignments  of  the  NMR  peaks  of  the  copoly- 
mers were  made  possible  by  comparing  the  spectra  with  those  of  appro- 
priate model  compounds  synthesized  in  this  investigation.  From  this 
that  in  both  cases  copolymers  110  and  112 


comparison,  it  became  clear 
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with  only  Diet s-Al der-ene  repeating  units  were  formed,  and  copolymers 
111  and  113  with  double  Diels-Alder  repeating  units  were  not  formed. 
The  H NMR  spectrum  (Figure  9)  in  0MS0-d6  showed  a peak  at  3.42  ppm 
which  was  assigned  to  the  four  methylene  groups  of  C^-Cg.  The  peak 
at  6.95  ppm  was  assigned  to  the  aromatic  proton  next  to  the  methoxy 
group.  The  peak  at  7.96  ppm  was  assigned  to  the  aromatic  proton  next 
to  the  urethane  group.  The  peak  at  10.26  ppm  was  assigned  to  the  N-H 
proton  of  the  urazole  moiety. 

The  13C  NMR  spectrum  (Figure  10)  of  copolymer  110  showed  a peak 
at  25.44  ppm  which  was  assigned  to  C3  and  methylene  carbons.  The 
peak  at  27.21  ppm  was  assigned  to  Cg  and  Cg  methylene  carbons.  The 
peak  at  39.11  ppm  was  assigned  to  Cj  and  Cg  methylene  carbons.  The 
peak  at  110.32  ppm  was  assigned  to  the  aromatic  methine  carbon  next 
to  the  methoxy  group.  The  peak  at  114.04  ppm  was  assigned  to  the 
aromatic  methine  carbon  next  to  the  urethane  group.  The  peaks  at 
147.85,  148.00,  153.58,  153.94,  and  154.73  ppm  were  assigned  to  5 
carbonyl  carbons. 

The  *H  NMR  spectrum  (Figure  11)  of  copolymer  112  showed  a peak 
at  7.09  ppm  which  was  assigned  to  the  aromatic  methine  proton  next  to 
the  methoxy  group.  The  peak  at  8.02  ppm  was  assigned  to  the  aromatic 
methine  proton  next  to  the  urethane  group.  The  peaks  at  7.42  ppm  were 
assigned  to  the  aromatic  protons  of  the  diphenyl  methane  group.  The 
peak  at  10.56  ppm  was  assigned  to  the  N-H  proton  of  the  urazole  moiety. 

The  C NMR  spectrum  (Figure  12)  of  compound  112  showed  all  peaks 
which  are  in  agreement  with  the  assigned  structure  112.  Complete  data 
on  H NMR  and  13C  NMR  of  compounds  UO  and  112  are  shown  in  Tables  IV 


f,  respectively. 


*H  NMR  Data3  for  Copolymers  JK)  and  112 


31 

■ -{ch2-ch2-ch2-ch2-ch2-ch2} 

1.30  ppm 

7.42  ppm 

\ 

7.42  ppm 

Protons  R ■ HM  J,  Hz 

R = DPM  J,  Hz 

a 1.12  (d,  3H)  6.2 

b 2.66  (d,  3H)  4.4 

c 3.72  (s,  3H) 

d 4.61  (m,  IK) 

e 5.27  (br,  1H) 

f 6.95  (s,  1H) 

g 7.69  (m,  1H) 

h 7.96  (s,  1H) 

i 10.26  (br,  s,  1H) 

1.21  (d,  3H)  5.9 

2.66  (d,  3H)  4.1 

3.76  (s,  3H) 

4.78  (m,  br,  1H) 

5.42  (s,  br,  1H) 

7.09  (s,  1H) 

7.69  (m,  1H) 

8.02  (s,  1H) 

10.56  (s,  br,  1H) 

a Solvent  DMSO-dg , Int.  ref.  TMS.  Values  reported  In  6 units. 
Abbreviations  used  are  s = singlet,  d = doublet,  m = multlplet. 


Table 


Table  VI 


Differential  Scanning  Calorimetry  (DSC)  Data* * 3 
For  Copolymers  _110  and  112 


186 


264 


Tm  °C  232 

Td  °C  252  31C 

Tg  ■ glass  transition  temperature 
Tcd  a chemical  degradation  temperature 
Tc  = crystallization  temperature 

T = melting  temperature 
Td  = decomposition  temperature 

3 Data  obtained  by  taking  the 
eral  measurements. 


average  of 
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The  Intrinsic  viscosities  ([n])  of  copolymers  110  and  112,  mea- 
sured in  N,N-d1methylformamide  at  30°C,  were  found  to  be  0.206  and 
0.205  dl/g,  respectively.  These  viscosities  indicate  that  some  degree 
of  polymerization  had  occurred  during  the  chemical  reactions. 

The  thermal  behavior  of  the  copolymers  was  measured  by  using 
differential  scanning  calorimetry  (DSC)  and  is  summarized  in  Table 
VI.  The  two  copolymers  have  different  thermal  behavior.  Copolymer 
11°.  w*th  ° ~ hexamethylene,  shows  four  different  thermal  changes. 

It  has  a glass  transition  state  at  lower  temperature,  then  it  crys- 
tallizes at  higher  temperature.  It  melts  after  crystallization,  and 
it  decomposes  at  very  high  temperature.  Copolymer  112,  with  R = DPM, 
however,  does  not  have  glass  transition  state;  rather  it  undergoes 
chemical  degradation,  and  decomposes  at  an  elevated  temperature. 

, Synthesis  and  Characterization  o 


^Optically  Pi 


The  first  aim  of  the  second  part  of  this  research  was  to  synthe- 
size the  N-4-chi ral -substi tuted  triazolinediones.  Optically  active 
pure  a-methyl benzyl amine  is  commercially  available;  therefore,  optical- 
ly active  pure  triazolinediones  should  be  readily  prepared  from  this 
amine  by  a series  of  chemical  transformations.  At  the  same  time,  we 
proposed  to  synthesize  this  triazolinedione,  Paquette  and  Doehner76 
reported  a procedure  for  the  synthesis  of  S-(-)-4-(a-methylbenzyl )- 
l,2,4-triazoline-3,5-dione  (119). 

In  our  case,  some  modifications  in  the  reported  procedure7^  were 
necessary  in  order  to  obtain  adequate  quantities  for  this  investiga- 
tion. Thus,  S-(-)-a-methy1benzylamine  (114)  was  allowed  to  react  with 


dry  hydrogen  chloride  gas  in  one  cycle,  and  a quantitative  yield  of 
the  amine  salt  (115)  was  collected  (Scheme  XXII).  This  amine  salt 
melts  at  169.0-170. 0°C.  No  further  purification  was  necessary. 

The  amine  salt  (115)  was  converted  to  the  S-(-)  isocyanate  (116) 
via  passing  phosgene  gas  through  a slurry  mixture  of  hot  toluene, 
which  resulted  in  a high  yield  (86?)  of  compound  116.  It  is  a clear, 
colorless  liquid,  lachrymator,  moisture  sensitive,  and  it  must  be 
handled  with  care.  The  IR  spectrum  of  compound  116  shows  a strong 
stretching  vibration  band  at  2260  cm'1,  which  is  a characteristic 
absorption  of  the  isocyanate  (-N=C=0)  group.  The  *H  NMR  spectrum 
(Figure  13)  of  this  compound  In  CDClj  showed  peaks  at  1.59  ppm,  which 
is  a doublet  and  were  assigned  to  methyl  protons.  The  peaks  at  4.75 
ppm  are  a quartet  and  were  assigned  to  C-H  proton.  The  peak  at  7.34 
ppm  was  assigned  to  the  aromatic  protons. 

The  S-(-)  isocyanate  (116)  was  treated  with  ethyl  carbazate  to 
afford  S-(-)  semicarbazide  117  in  a quantitative  yield  (97*).  This 
semicarbazide  had  been  reported^  as  an  oily  substance;  however,  in 
our  case,  it  was  isolated  as  a white  solid,  having  a melting  point  of 
87.0-89.0°C.  No  further  purification  was  performed  on  this  compound. 

The  *H  NMR  spectrum  (Figure  14)  of  compound  ^17  showed  peaks  at 
1.16  ppm  (triplet)  assigned  to  methyl  protons  of  the  ethoxy  group. 

The  peaks  at  1.35  ppm  (doublet)  were  assigned  to  CH,  protons  attached 
to  the  benzylic  carbon.  The  peaks  at  4.03  ppm  (quartet)  were  assigned 
to  the  methylene  protons  of  the  ethoxy  group.  The  peaks  at  4.80  ppm 
(pentate)  were  assigned  to  the  benzylic  proton.  The  peaks  at  6.73  ppm 


Scheme 
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(doublet)  were  assigned  to  the  NH  proton  attached  to  the  benzylic 
carbon.  The  peaks  at  7.67  and  8.72  ppm  were  assigned  to  the  two  NH 
protons. 

The  13C  NMR  spectrum  (Figure  15)  showed  two  peaks  for  carbonyl 
carbons  at  156.96  and  157.45  ppm.  The  peak  at  14.50  ppm  was  assigned 
to  the  methyl  carbon  of  the  ethoxy  group.  The  peak  at  60.36  ppm  was 
assigned  to  the  methylene  carbon  of  the  ethoxy  group. 

Cyclfzation  of  compound  117  was  performed  by  heating  at  250-260°C 
in  a sand  bath.  The  crystalline  product  U8  was  isolated  in  high 
yield  (75%)  from  a hot  solution  of  benzene  rather  than  by  tritura- 
tion in  petroleum  ether.76  The  residue  became  very  tough  after  py- 
rolysis, was  difficult  to  triturate,  and  a poor  yield  was  obtained. 
Compound  118  was  purified  by  recrystallization  from  benzene. 

Oxidation  of  S-(-)  urazole  118  with  dinitrogen  tetroxide  gave 
an  excellent  yield  of  the  S-(-)  triazolinedione  119  with  a higher 
melting  point  and  specific  rotation  than  previously  reported.76  Fur- 
ther purification  can  be  achieved  via  sublimation  under  vacuum.  The 
H NMR  spectrum  (Figure  16)  of  compound  119  shows  no  peak  at  9.97  ppm 
which  is  indicative  of  the  absence  of  N-H  protons.  The  73C  NMR  spec- 
trum of  compound  119  in  DMSO-dg  is  shown  in  Figure  17.  All  of  the 
above  compounds  were  fully  characterized  by  using  IR,  NMR,  13C  NMR 
and  mass  spectra.  R-(+)CTD  was  also  prepared  by  a similar  procedure. 

The  visible  spectra  of  S-(-)-4-(a-methylbenzyl )-l,2,4-triazo1ine- 
3,5-dione  (119)  were  recorded  in  selected  solvents,  as  shown  in  Figure 
18  and  Table  VII.  Three  3^^  were  exhibited  in  toluene  and  methyl- 
ene chloride,  whereas  only  two  3^^  were  exhibited  in  more  polar 
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Table  VII 


Visible  Absorption  of  S- (-) -4- (a-Methyl benzyl ] -1,2,4- trf azoline- 
3, 5-dione  (119)  in  Selected  Solvents  at  25°C 


Toluene 


Acetone 


565.542.525  (sh) 

566.538.526  (sh) 
540  (sh),  525 
540  (sh),  530 
530  (sh),  520 
540  (sh),  520 


148,185,149 
116,146,114 
100,122 
105*, 116* 
117*, 137* 
76*, 84* 


•Estimated  value.  Because  of  the  instability  of  S-(-)-triazo- 
linedione  in  THF,  0M50  and  DMF. 
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solvents  such  as  tetrahydrofuran  (THF),  dimethylsulfoxide  (DMSO),  and 
dimethylformamide  (DMF).  In  the  toluene,  methylene  chloride  and  ace- 
tone cases,  molar  absorptivity  (e)  are  true  values.  However,  in  the 
THF,  DMSO  and  OMF  cases,  they  are  only  estimated  values,  since  ab- 
sorption changes  with  time  due  to  interaction  of  compound  119  with 
the  solvents. 

Kinetics  Study  for  Decomposition  of  S-(-)-4-(o-Methvlbenzyl|- 

Since  selection  of  the  solvent  was  very  important  for  the  modifi- 
cation of  polydienes  because  of  the  solubility  problem,  it  became 
necessary  to  evaluate  the  stability  of  compound  U9  in  selected  sol- 
vents. Six  solvents  (methylene  chloride,  toluene,  acetone,  THF,  DMSO 
and  DMF)  were  selected.  Solutions  of  known  concentration  (6.57  x 
10  M)  of  compound  119  in  these  solvents  were  prepared.  One  milli- 
liter of  the  solution  was  put  in  a U.V.  cell,  and  absorbances  were 
recorded  for  time  intervals  of  10  minutes  or  60  minutes.  In  the  tolu- 
ene, methylene  chloride  and  acetone  cases,  no  appreciable  change  in 
absorbance  occurred  after  several  hours.  These  results  indicated 
that  compound  119  is  quite  stable  in  these  solvents  at  room  tempera- 
ture. In  the  THF,  DMSO  and  DMF  cases,  absorbances  decreased  with 
time.  The  data  are  shown  in  Tables  VIII,  IX  and  X. 

Plots  of  % A/A0  versus  time  in  different  solvents  are  shown  in 
Figures  19  and  20.  Compound  119  decomposes  to  the  extent  of  13.96* 
in  one  hour  in  DMF,  whereas  its  rate  of  decomposition  is  0.72*  and 
0.62*  per  hour,  respectively,  in  THF  and  DMSO.  From  this  investiga- 
tion, it  is  evident  that  compound  119  is  more  stable  in  less  polar 
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Table  IX 

Time  Variation  of  Visible  Absorbance  of  Compound  119  in  THF 


0.3367 

0.3283 

0.3217 


0.3100 

0.3050 


0.2960 


1.0606 

1.0887 

1.1137 

1.1342 

1.1512 

1.1712 

1.1874 

1.2040 

1.2174 


0.9635 

0.9371 


0.8489 

0.8349 

0.8238 


plot  -Ln  A vs.  time. 
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Figure  19.  Decomposition  of  S-(-)-4-(ct-methylbenzyl)-l,2,4-triazo- 
line-3.5-dione  (119)  in  DMF  at  25°C  as  shown  b»  % A/A„ 
vs.  time  curve. 
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solvents  and  less  stable  In  more  polar  solvents;  thus,  it  is  better  to 
use  methylene  chloride  or  toluene  as  a solvent  for  chemical  transforma- 
tion where  it  is  possible. 

Since  in  the  above  study  the  solvents  are  in  great  excess,  the 
above  data  were  used  in  the  following  equation  and  were  treated  accord- 
ing to  pseudo-first-order  kinetics. 


where  Afl  = initial  absorbance,  ■ absorbance  at  time  = t,  tj  = half- 
life,  and  k = rate  constant.  The  plot  of  -Ln  A vs.  time  gave  a 
straight  line  in  all  cases  (Figures 21,22,23).  The  rate  constants  and 
tj  were  calculated  using  the  method  of  least-squares  and  are  shown  in 
Table  XI. 

From  this  study,  we  became  interested  in  investigating  the  reac- 
tion of  compound  119  with  THF.  Thus,  a solution  of  compound  119  in 
THF  was  refluxed  for  several  hours.  After  about  8 hours,  a pale-yellow 
solution  was  obtained.  Fractional  crystallization  from  diethyl  ether 
gave  a white  solid  with  a melting  point  of  122-124°C  (Scheme  XXIII). 

The  product  (120)  was  characterized  by  IR,  NMR  and  33C  NMR. 

The  'h  NMR  spectrum  of  compound  120  (Figure  24)  in  DMSO-dg  shows  peaks 
at  2.00  ppm  (multiplet)  which  were  assigned  to  the  methylene  groups 
(four  protons)  of  the  THF  ring.  The  peaks  at  3.73  ppm  (multiplet) 
were  assigned  to  the  methylene  protons  next  to  the  oxygen  atom.  The 
peaks  at  5.70  ppm  (dist.  triplet)  were  assigned  to  the  methine  proton 
on  the  THF  ring.  The  peak  at  10.23  ppm  (singlet)  was  assigned  to  the 


no 


Figure  21.  Pseudo-first-order  plot  of  decomposition 
of  compound  119,  in  DMF  at  25°C.' 
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Figure  23.  Pseudo-first-order  plot  of  decomposition  of  comoound 
no  in  nticn  M"r 


Table 


The  Pseudo-First-Order  Kinetics  for  Decomposition  of 
S-(-) -4- (a-Methyl benzyl )-l,2,4-triazoline-3,5-dione  (119) 
in  Different  Solvents  at  25°C 


Solvent  k s"1  tJ  hr  C0Cb 

DMF  3.83  X 10“5  5.02  0.9909 

THF  5.64  x 10'6  34.10  0.9926 

DMSO  2.53  X 10'6  76.20  0.9961 

Calculated  by  the  method  of  least-squares. 

COC  ■ correlation  coefficient 
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Scheme  XXIII 


SR  i>  SS 
120 


The  13C  NMR  spectrum  (Figure  25)  shows  peaks  at  17.28  and  17.42 
ppm  which  were  assigned  to  the  CH,  carbon  attached  to  the  benzyl ic 
carbon.  The  peaks  at  49.73  and  49.93  ppm  were  assigned  to  the  methine 
carbon  of  the  benzyl ic  carbon.  The  peaks  at  85.61  and  85.65  ppm  were 
assigned  to  the  methine  carbon  (asymmetric  center)  attached  to  the 
nitrogen  atom  of  the  urazole  moiety.  The  peaks  at  140.39  and  140.53 
ppm  were  assigned  to  the  quaternary  carbon  of  the  aromatic  ring.  From 
the  above  Information,  it  became  evident  that  the  reaction  of  THF  with 
compound  119  yielded  two  diastereomers,  SR  and  SS,  in  a ratio  of  about 
50:50.  This  indicated  that  the  hydrogen  abstraction  and  addition  re- 
action occurred  in  a non-stereospecific  fashion.  The  off-resonance 
spectrum  (Figure  26)  was  used  to 


Recently,  Womhoff  end  Wald84  reported  the  reaction  of  PhTD  with 
THF  thermally  as  well  as  photochemically.  In  the  thermal  reaction, 
two  products,  mainly  the  hydrogen  abstracting  addition  adduct,  but 
also  the  dimerization  product  of  PhTD,  were  isolated.  However,  in 
this  case,  the  reaction  of  S-(-)  CTD  119  with  THF  yielded  only  the 
hydrogen  abstraction  addition  adduct  120. 

Model  Compounds  Studies 

As  was  mentioned  previously,  in  the  synthesis  of  polymers  it  Is 
very  useful  to  prepare  appropriate  model  compounds  and  ful ly  characterize 
them.  Since  the  spectral  data  of  polymers  are  usually  complicated, 
the  second  aim  of  this  study  was  to  prepare  proper  model  compounds 
and  fully  identify  them.  Thus,  S-(-)  CTD  119  was  allowed  to  react 
with  propylene  at  room  temperature  (Scheme  XXIV).  The  pink  color 
faded  in  about  4 hours.  A white  solid  was  obtained  from  slow  evapora- 
tion of  the  etheral  solution.  Further  purification  was  achieved  via 
sublimation  under  vacuum.  The  product  (121)  has  a melting  point  of 
73.5-75.0,,C. 

Scheme  XXIV 


119  + CH2=CH-CH3 


121  S-(-) 


119 

The  *H  NMR  spectrum  (Figure  27)  of  compound  221  shows  peaks  at 
4.03  ppm  (doublet)  which  were  assigned  to  the  methylene  protons 
attached  to  the  urazole  moiety.  The  peak  at  10.49  ppm  was  assigned 
to  the  N-H  proton.  The  peaks  at  5.2  ppm  (multiplet)  were  assigned  to 
vinylic  CH2  and  benzylic  CH  protons. 

The  13C  NMR  spectrum  (Figure  28)  of  compound  121  shows  a peak  at 
48.4  ppm  which  was  assigned  to  the  methylene  carbon  attached  to  the 
nitrogen  atom  of  the  urazole  ring.  The  peak  at  119.0  ppm  was  assigned 
to  the  =CH2  carbon.  The  peak  at  131.5  ppm  was  assigned  to  the  vinylic 
methine  carbon. 

Another  model  compound  was  synthesized  by  reaction  of  S-(-)  CTO 
219  with  1,5-hexadiene.  A solution  of  119  in  methylene  chloride  was 
allowed  to  react  with  a large  excess  of  1,5-hexadiene  (30:1  molar 
ratio).  After  disappearance  of  the  deep-pink  color  and  evaporation 
of  the  solvent,  an  oily  substance  was  obtained.  Purification  was  per- 
formed via  column  chromatography  using  silica  gel,  which  yielded  a 
pale-yellow  liquid  (Scheme  XXV).  The  ’h  NMR  and  13C  NMR  spectra 
(Figures  29  and  30)  are  in  agreement  with  the  formation  of  a 1:1  ene 
adduct  122. 

The  3H  NMR  spectrum  shows  peaks  at  2.75  ppm  (triplet)  which  were 
assigned  to  the  methylene  protons  between  the  two  vinyl  groups.  The 
peaks  at  3.97  ppm  (doublet)  were  assigned  to  the  methylene  protons 
attached  to  the  nitrogen  atom. 

The  13C  NMR  spectrum  shows  a peak  at  47.67  ppm  which  was  as- 
signed to  the  methylene  carbon  attached  to  the  nitrogen  atom.  The 
peak  at  35.58  ppm  was  assigned  to  the  methylene  carbon  between  the  two 


Figure  29.  'll  NMR  (loo  Hit)  spectrum  of  cDepound  12?  In  DHSO-d 
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vinyl  groups.  The  peak  at  115.70  ppm  was  assigned  to  the  terminal 
methylene  carbon. 

When  1 mole  of  1,5-hexadiene  was  allowed  to  react  with  2 moles 
of  compound  119,  a white  solid  was  obtained.  The  NMR  analysis  of  the 
white  substance  showed  that  it  contains  an  adduct  of  1:2  mole  ratio 
of  structure  123  predominantly,  and  compound  124  was  not  observed  and 
apparently  did  not  form  at  all. 

s l j t *-"av  Crystallographic  Analysis  of 

The  third  aim  of  this  study  was  to  identify  the  nature  of  the 
intermolecular  N-H  bonding  in  the  solid  state  of  the  chiral  urazole 
moiety  and  relate  this  interaction  to  the  change  in  properties  of  the 
modified  polymers.  It  was  also  necessary  to  confirm  the  absolute  con- 
figuration of  the  chiral  substituent  on  the  4-position  of  the  triazo- 
line moiety,  and  that  no  racemization  had  occurred  during  the  series 
of  reactions  used  for  synthesis.  Thus,  model  compound  121  was  se- 
lected for  this  study. 

Although  compound  121  is  a solid  and  can  be  purified  by  sublima- 
tion, it  has  a low  melting  point.  Therefore,  it  was  suggested  that 
this  compound  be  brominated,  since  it  would  be  easier  to  do  x-ray 
analysis  on  the  compound  containing  heavy  atoms.  Bromination  of  com- 
pound 121  was  performed  by  use  of  a solution  of  Br2  in  CC14  at  room 
temperature  to  yield  compound  125.  This  compound  was  purified  by  re- 
crystallization  from  methanol,  and  its  structure  was  characterized  by 
IR,  *H  NMR  and  13C  NMR. 
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Crystals  suitable  for  X-ray  studies  were  grown  by  slow  evapora- 
tion of  a methanol  solution.  All  measurements  were  carried  out  using 
a Pi  diffractometer  with  Zr-filtered  HO  radiations  Xoj  = 0.70926  and 
Xoj  = 0.71354  A.  Pertinent  crystal  data  and  other  details  are  given 
in  Table  XII.  The  crystal  structure  was  solved  by  the  heavy  atom 
method  and  refined  by  least-squares  techniques.85 

The  absolute  configuration  was  determined  using  the  anomalous 
dispersion  effect  of  the  two  bromine  atoms.  After  three  cycles  of 
least-squares  using  isotropic  thermal  parameters,  the  R values  (R  = 

E| |Fo|-|Fc| |/E|Fo|)  for  the  two  possible  configurations  were  0.106 
and  0.096.  Kith  anisotropic  thermal  parameters  for  only  the  two  Br 
atoms,  the  R value  was  0.073.  Least-squares  refinement  using  the 
block  approximation  and  anisotropic  thermal  parameters  for  all  atoms 


gave  a final  R value  of  0.066. 
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Table  XII 

Crystal  Data  for  S-(-)-4-(o-Methylbenzyl )- 
l-(2,3-dibromopropyl)urazole  (125) 


Formula 

C13H15°2N3Br? 

Molecular  Weight 

405.10 

Space  Group 

P212121 

a,  A 

5.985(2) 

b,  A 

10.758(3) 

C,  A 

23.063(3) 

a,  deg 

90* 

S,  deg 

90* 

Y.  deg 

90* 

Volume,  A2 

1484.8(6) 

cm  1.807 


Dc,  g cm  J 

1.812 

Crystal  Size,  mm 
P cm'1 

0.27  X 0.27  X 0.13 

Radiation  Used  Mo 

Ka-graphite  monochromator 

26  Range 

No.  of  Measured  Reflections 

0-45° 

No.  of  Reliable  Reflections 

966 

K [in  I < Ko(I)] 

2.0 

Goodness  of  Fit 
R 

0.257 

* Required  by  symmetry  of  space  group. 
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The  final  positional  parameters  and  the  hydrogen  atom  positions 
are  given  in  Tables  XIII  and  XIV,  respectively.  The  final  thermal 
parameters  are  shown  in  Table  XV.  A difference  Fourier  synthesis 
gave  reasonable  positions  for  twelve  of  the  fifteen  hydrogen  atoms 
in  the  molecule. 

A drawing  illustrating  the  atomic  numbering  used  in  the  X-ray 
analysis  is  given  in  Figure  31.  The  computer-generated  ORTEP  drawing 
and  stereoscopic  view  of  compound  125  are  given  in  Figures  32  and  33, 
respectively.  Bond  distances  and  angles  for  the  non-hydrogen  atoms 
are  presented  in  Tables  XVI  and  XVII,  respectively.  Selected  torsion 
angles  are  given  in  Table  XVIII.  The  observed  and  calculated  struc- 
ture factors  appear  in  Appendix  I. 

The  five-membered  triazoline  ring  is  distorted  from  planarity 
towards  the  envelope  conformation.  The  puckering  amplitude®**  was  es- 
timated to  be  0.086  A from  the  observed  torsion  angle.  The  small 
puckering  angle  is  undoubtedly  due  to  the  two  C=0  groups  which  tend 
to  limit  the  puckering  of  the  ring.  The  two  Br  atoms  are  essentially 
trans  relative  to  the  C(7)-C(8)  bond,  as  would  be  expected  on  steric 
grounds.  The  dihedral  angle  between  the  phenyl  ring  and  the  five- 
membered  ring  is  65.8°. 

The  distances  in  the  triazoline  structure  are  similar  to  the  di- 
mensions observed  in  semicarbazones  and  related  compounds.®7  There 
is  a lengthening  of  the  C(2)-0(l)  bond  compared  to  that  of  C(5)-0(2) 
which  could  be  related  to  the  N-H"'0  hydrogen  bond  to  0(4).  However, 
the  distances  are  not  significantly  different,  so  the  effect  may  not 
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Table  XIV 

The  Hydrogen  Atom  Positions  (x  103) 

From  the  Final  Difference  Fourier  for 
S-(-)-4-(a-Methylbenzyl)-l-(2,3-dibromopropyl Jurazole  (125) 
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irazole  (1JS) 


. Stereoscopic  vie*  of^S-(-)-4-j«-Hethylhen*yl)- 


able  XVI 


Bond  Distances  (A)  With  Their  Estimated  Standard  Deviations  For 
S-(-)-4-(a-Methy1benzyl)-l-(2,3-dibromopropyl)urazole  (125) 

C(ll)  - C(12)  1.361(29) 

C(12)  - C(13)  1.491(26) 

C(13)  - C(14)  1.355(34) 

C(14)  - C(15)  1.358(34) 

C(15)  - C(16)  1.454(28) 

C(16)  - C(U)  1.406(28) 

C(ll)  - C(9)  1.495(24) 

C(9)  - C(10)  1.627(32) 

C(9)  - N(l)  1.469(25) 

N(l)  - C(2)  1.366(25) 

C(2)  - N(3)  1.408(24) 

N(3)  - N(4)  1.393(23) 

N(4)  - C(5)  1.444(25) 

C(5)  - N(l)  1.400(23) 

C(2)  - 0(1)  1.236(22) 

C(5)  - 0(2)  1.185(23) 

N(3)  - C(6)  1.451(24) 

C(6)  - C(7)  1.532(26) 

C(7)  - C(8)  1.538(28) 

C(7)  - Br(l)  1.990(21) 

C(8)  - Br(2)  1.985(21) 


C(ll)-C(12)-C(13)  120.0(18) 
C(12)-C(13)-C{14)  116.4(20) 
C(13)-C(14)-C(15)  125.0(21) 
C(14)-C(15)-C(16)  118.8(19) 
C(15)-C(16)-C(ll)  118.2(18) 
C(16)-C(ll)-C(12)  121.3(18) 
C(12)-C(ll)-C(9)  119.6(17) 
C(16)-C(ll)-C(9)  119.1(17) 
C(ll)-C(9)-C(10)  113.2(16) 
C(ll)-C(9)-N(l)  113.6(16) 
C(10)-C(9)-N(l)  111.4(16) 
C(9)-N(l)-C(2)  129.2(15) 
C(9)-N(l)-C(5)  118.9(15) 
N(l)-C(2)-0(1)  127.5(17) 
N(l)-C(5)-0(2)  129.7(17) 


N(l)-C(2)-N(3)  105.5(15) 
C(2)-N(3)-N(4)  109.8(15) 
N(3)-N(4)-C(5)  106.1(14) 
N(4)-C(5)-N(l)  104.9(15) 
C(5)-N(l)-C(2)  112.0(15) 
0(1)-G(2)-N(3)  127.0(17) 
0(2)-C(5)-N(4)  125.4(17) 
C(2)-N(3)-C(6)  119.5(15) 
N(4)-N(3)-C(6)  118.1(15) 
N(3)-C(6)-C(7)  115.1(16) 
C(6)-C(7)-C(8)  113.9(16) 
C(6)-C(7)-Br(l)  107.7(13) 
C(8)-C(7)-Br(l)  104.0(13) 
C(7)-C(8)-Br(2)  106.7(13) 
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Table  XVIII 


S-(-)- 


Selected  Torsion  Angles  (Deg)  For 
■(a-Methyl benzyl )-l-(2,3-dibromopropyl )ura20le  (125) 


N(l)-C(2)-N(3)-N(4) 

C(2)-N(3)-N(4)-C(5) 

N(3)-N(4)-C(5)-N(l) 

N(4)-C(5)-N(l)-C(2) 

C(5)-N(l)-C(2)-M(3) 

N(4)-N(3)-C(6)-C(7) 

N(3)-C(6)-C(7)-C(8) 

Br(l)-C(7)-C(8)-Br(2) 

C(5)-N(l)-C(9)-C(10) 

C(5)-N(l)-C(9)-C(ll) 

C(12)-C(U)-C(9)-N(1) 

C(16)-C(ll)-C(9)-N(l) 

C(12)-C(U)-C(9)-C(10) 

C(16)-C(U)-C(9)-C(10) 


119.1 

69.3 

-112.7 
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be  real.  The  ring  distances  appear  to  reflect  the  difference  in  sub- 
stitution on  N(3)  versus  N(4),  as  well  as  the  lengthening  of  the  C(2)- 
0(1)  bond.  Unfortunately,  the  presence  of  the  two  bromine  atoms  has 
reduced  the  accuracy  of  the  determination  so  that  the  differences  are 
not  significant  based  on  the  usual  tests. 

From  this  study,  it  is  clear  that  the  absolute  configuration  is 
S and  that  no  racemi ration  had  occurred  during  the  course  of  the  seven- 
step  synthesis. 

Synthesis  and  Characterization  of  Optically  Active  Polymers 
Background 

Optically  active  homopolymers  as  well  as  copolymers  have  been  pre- 
pared and  are  reported  in  the  literature.®®'®8  d-s-Butyl  p-vinylben- 
zoate89  and  o-vinylbenzyl  d-s-butyl  sulfide98  have  been  polymerized 
via  free  radical  initiation  using  benzoyl  peroxide  and  a,a'-azobisiso- 
butyronitrile  as  initiators.  The  resulting  polymers  (126  and  127) 
(Scheme  XXVI)  are  optically  active  and  showed  specific  rotations  of 
+22.9°  and  +9.59°,  respectively,  in  benzene.  In  both  cases,  when  the 
original  centers  of  asymmetry  were  removed,  no  optical  activity  re- 
mained. 

S-n-Methyl benzyl  methacrylate9*  was  polymerized  with  a,a‘-azobis- 
isobutyronitrile  as  initiator  to  poly-s-o-methyl benzyl  methacrylate 
(128).  This  polymer  was  further  treated  with  phosphonium  iodide  to 
give  polymethacrylic  acid,  which  showed  no  optical  activity  at  all. 
S-a-Methyl benzyl  methacrylate  was  copolymerized  with  maleic  anhydride. 
The  resulting  copolymer  (129)  was  optically  active.  Removal  of  the 
S-a-methylbenzyl  group  with 
was  optically  active. 


phosphonium  iodide  left  a copolymer 
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Scheme  XXVI 

Optically  Active  Polymers 


C=0 


126 

[o]q®  +22.9°  (benzene) 


127 

[0]“-7  +9.59°  (benzene) 


128 

w“  -77-4" 


129 

[a]^5  -50.2° 


CH, 

I 3 

* -j^6H5 


Optically  active  n-bornyl  maleimide®3  (130)  was  synthesized  with 
d-camphor  amine  and  maleic  anhydride  (Scheme  XXVII).  Polymerizations 
of  n-bornyl  maleimide  were  performed  with  benzoyl  peroxide,  a,a'-azo- 
blsisobutyronitrile  and  n-butyl lithium.  The  resulting  polymers  were 
optically  active.  Copolymerizations  of  optically  active  n-bornyl  mal- 
eimide with  vinyl  monomers  were  carried  out  with  the  use  of  a radical 
Initiator,  and  optically  active  copolymers  were  obtained. 

Scheme  XXVII 


if  if 

d-camphor  Camphor  oxime  Camphor  amine 

[a]p  +42.4«  [a]D  -39.4°  [a]0  +17.0° 
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Optically  active  anionic  catalysts  have  been  used  for  the  asym- 
metric polymerizations.9^  Triphenylmethyl  methacrylate  (TrMA)  has 
been  polymerized  with  two  types  of  asymmetric  anionic  initiators, 
1ithium(R)-N-(l-phenylethyl)an11ide  (LiAn)  and  (-)-sparteine-butyl- 
lithium  complex  (Sp-BuLi),  at  -78°C.  Both  catalysts  gave  optically 
active  polymers.  The  polymers  obtained  with  Sp-BuLi  in  toluene  showed 
a positive  specific  rotation  and  Increased  with  polymer  yield  reaching 
above  +300°.  The  polymers  resulting  from  LiAn  in  toluene  and  THF 
showed  specific  rotations  [o]q®  from  -50°  to  -90°  (in  THF).  Free- 
radical  polymerizations,  as  well  as  ionic  polymerizations,  usually 
Involved  a high  vacuum  system  or  an  inert  atmosphere. 


Q--Q 

6 


Sp-Buli 


Modification  of  Polvdienes  via  the  Ene  Reaction  with  Triazolinediones 
A variety  of  enophiles  such  as  N-methylmaleimide,  maleic  anhy- 
dride, chloromaleic  anhydride,  y-crotonol actone , fumaric  acid,  p-ben- 
zoquinone,  acrylonitrile,  maleic  acid,  and  tetrahydrophthalic  anhy- 
dride have  been  studied  as  modifiers  for  diene  polymers  both  by  radi- 
cal-initiated and  thermal  reactions.9®  Although  the  radical-initiated 
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reactions  are  more  effective  at  lower  temperatures*  up  to  2216  conver- 
sion, they  are  accompanied  by  unfavorable  radical-initiated  side  reac- 
tions such  as  chain  scission  and  crosslinking.  The  thermal  reaction, 
assumed  to  proceed  by  the  electrocyclic  ene  mechanism,  resulted  in  an 
extent  of  reaction  of  only  about  1216.  Temperatures  up  to  a maximum  of 
240°C,  however,  must  be  used  with  this  reaction  to  obtain  this  extent 
of  addition.  Higher  temperatures  that  increase  the  extent  of  addition 
are  accompanied  by  depolymerization. 

Butler  and  coworkers1011'1®2  have  studied  the  ene  reaction  of  4-Ph 
and  4-Me-l,2,4-triazoline-3,5-diones  with  preformed  diene  polymers  and 
copolymers  such  as  random  cis-trans-polybutadiene,  cis-polybutadiene, 
random  styrene  (45t)-butadiene,  1:1  alternating  copolymer  of  furan  and 
maleic  anhydride,  styrene-butadiene  ABA  block  copolymer,  25*  styrene 
(SBS)  and  styrene-butadiene  random  copolymer,  styrene-isoprene  block 
copolymer,  152  styrene-poly-cis-isoprene,  polyacrylonitrile-co-buta- 
diene,  and  poly-1, 2-butadiene  to  synthesize  a series  of  new  polydienes. 
The  reactions  occurred  at  ambient  temperatures,  and  an  extent  of  chem- 
ical conversion  of  up  to  93*  was  obtained. 

The  forth  aim  of  this  investigation  was  to  utilize  the  ene  reac- 
tion of  N-substituted-l,2,4-triazoline-3,5-dione,  in  which  the  N-sub- 
stituent  contains  a chiral  center,  to  introduce  optical  activity  into 
polydienes.  Since  this  reaction  can  occur  under  very  mild  conditions, 
optically  active  polymers  can  be  made  by  this  novel  method,  which  has 
not  been  reported  previously.  Cis-poly-l,4-butadiene  (M.W.  200,000  - 
300,000),  syndiotactic-poly-l,2-butadiene  and  liquid  poly-l,2-butadi- 
ene  of  852  vinyl  contents  with  M.W.  2,000  were  selected  for  this  study. 
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Cls-Pol y- 1 , 4-butadi ene  was  allowed  to  react  with  S-(-)CTD  (1191 
in  different  solvents  at  various  percentages  of  conversion,  based  on 
molar  repeating  unit  of  the  polydiene  (Scheme  XXVI II). 

Scheme  XXVIII 


Optically  active  polymer  131  was  synthesized  at  5%,  10%,  20%, 

30%,  50%  and  100%  of  conversion  (Table  XIX).  S-(-)CTD  119  is  quite 
stable  in  toluene  and  methylene  chloride;  therefore,  at  5%  and  up  to 
30%  of  conversion,  toluene  was  used  as  a solvent.  At  5%  conversion, 
the  reaction  was  complete  in  about  8 minutes,  and  polymer  was  obtained 
by  precipitation  in  95%  EtOH.  This  polymer  has  a softening  point 
lower  than  room  temperature  and  therefore  is  an  elastomeric  material. 
At  10%  conversion,  the  reaction  was  complete  in  about  30  minutes,  and 
the  resulting  polymer  still  has  a low  softening  point.  Polymer  modi- 
fied at  20%  conversion  precipitated  from  the  toluene  solution  and  also 


elastomer 


softening  point  lower  than 


temperature. 
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At  30%  conversion,  the  polymer  precipitated  and  apparently  does 
not  swell  in  the  solvent;  the  reaction  required  a long  time  to  go  to 
completion  (disappearance  of  the  deep-pink  color).  In  this  case,  the 
resulting  polymer  lost  its  elastomeric  property  and  is  a brittle  solid 
with  a softening  point  of  125°C. 

In  the  case  of  50%  conversion,  it  became  necessary  to  add  OMSO  to 
keep  the  polymer  swollen  enough  for  the  chemical  reaction  to  occur. 
Although  S-(-)CTD  H9  slowly  decomposes  in  DMSO,  this  rate  (k  = 2.53  * 
10  6 s"1)  is  small  compared  to  the  rate  of  the  desired  reaction.  At 
100%  conversion,  THF  was  found  to  be  the  best  solvent;  however,  to 
prevent  the  undesired  side  reaction  (THF  and  S-(-)CTD),  S-(-)  CTO  119 
was  dissolved  in  toluene  and  was  added  dropwise  to  the  solution  of 
the  polymer  in  THF.  This  method  yielded  a modified  optically  active 
polymer  in  which  89%  of  the  S-(-)  CTD  was  incorporated  into  the  poly- 
diene (as  indicated  by  nitrogen  analysis).  This  polymer  is  an  off- 
white  solid  and  has  a softening  point  of  163°C. 

Thus,  it  can  be  concluded  that  the  physical  properties  of  the 
polymers  change  from  secondary  crosslinking  effects  or  elasticity  at 
low  degrees  of  conversion  (up  to  20%)  to  rigid,  amorphous  polymers 
with  high  softening  points  at  high  degrees  of  conversion.  Softening 
points  of  the  new  polymers  Increase  as  the  percentage  of  conversion 
increases. 

The  polymers  were  characterized  by  solubility  tests,  infrared 
spectroscopy  (IR),  *H  and  13C  nuclear  magnetic  resonance  (NHR)  spec- 
troscopy, measurement  of  intrinsic  viscosity  [q],  and  specific  rota- 


The  solubility  tests  were  performed  by  placing  a few  milligrams 
of  the  polymers  into  small  test  tubes  containing  1 ml  of  the  solvent. 
The  mixture  was  shaken  periodically  for  about  20  minutes  at  room  temp- 
erature. When  a clear  solution  was  obtained  after  this  period,  the 
polymer  was  recorded  to  be  soluble  in  that  solvent.  When  the  polymer 
remained  Insoluble  after  1 hour  in  the  solvent,  the  mixture  was  al- 
lowed to  stand  for  several  hours  and  was  then  re-examined.  If  no 
clear  solution  was  obtained,  the  polymer  was  recorded  as  insoluble. 

A wide  variety  of  solvents  was  used  for  the  solubility  tests  (Table 
XX).  Unmodified  cis-poly-l,4-butadiene  is  soluble  in  benzene,  THF, 
CHjClj,  etc.  As  the  percentage  of  conversion  increased,  the  polymer 
became  more  soluble  in  more  polar  solvents.  In  the  cases  of  202,  302 
and  502  conversions,  it  was  found  that  these  polymers  are  only  solu- 
ble in  pyridine.  At  1002  conversion,  the  resulting  polymer  is  soluble 
in  polar  solvents  and  in  inorganic  and  organic  bases.  In  general,  the 
introduction  of  the  polar  urazole  group  into  a polymer  would  tend  to 
decrease  its  solubility  in  the  non-polar  solvents.  Perhaps  the  strong 
hydrogen  bonds  formed  by  the  urazole  pendant  groups  prevent  the  hy- 
drating solvent  molecules  from  penetrating  the  polymer  chains. 

An  IR  study  gave  very  convincing  evidence  both  for  the  incorpora- 
tion of  the  urazole  moiety  and  for  intra-  and  intermolecular  hydrogen 
bonding.  The  polymer  modified  at  1002  is  a nice  powder,  and  a KBr 
pellet  was  easily  prepared  (Table  XXI).  This  polymer  showed  two  N-H 
stretches  at  3450  and  3220  cm"1.  The  first  one  is  due  to  the  free  N-H 
stretching  band,  and  the  second  one  is  due  to  hydrogen  bonding.  The 
evidence  for  such  intramolecular  hydrogen  bonding  was  also  given  by 
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TABLE  XX 

Solubility  of  Cis-Poly-1 ,4-8utad1ene  Modified  with  S-(-)  CTD 
% Conversion  Soluble  Insoluble 


B2,  Tol i CH2C1. 
Pyr,  DMA,  Dl 


Tol,  0.1  N KOH, 


ether,  BZ,  Tol, 
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TABLE  XXI 


IR  Data  fop  the  100%  Conversion  of 
Cis-Poly-l,4-Butadiene  with  S-(-)  CTD 


Vf 

© s 

-(-)  100%  Conversion 
White  Powder 

(KBr) 

IR  Band  cm'1 

N-H  Stretching  (free) 

N-H  Stretching  (H-bonded) 
N-H  Bending 
CB0  Stretching 

C-N  Stretching 

Irl'l  out  of  plane 

C-H  aromatic  bend 

3450  (m,  br) 

3220  (m,  br) 

1500  (w) 

1765  (s) 

1700  (s) 

1430  (s) 

760  (m) 

out  of  plane  ring 
C— C bend 

700  (m) 

X-ray  analysis  of  model  compound  125.  The  presence  of  the  urazole 
pendant  groups  was  confirmed  by  the  carbonyl  stretching  bands  which 
occur  as  strong  bands  at  1765  and  1700  cm"*.  Also,  an  out-of-plane 
C-H  aromatic  bend  at  760  cm”1  and  an  out-of-plane  ring  C^C  bend  at 
700  cm"1  are  characteristic  vibrational  frequencies  for  the  mono-sub- 
stituted  aromatic  ring. 

The  *H  NMR  spectrum  (Figure  34)  of  the  100%  modified  cis-poly- 
l, 4-butadiene  with  S-(-)  CTD  showed  a peak  at  10.29  ppm,  which  was 
assigned  to  the  N-H  proton  of  the  urazole  moiety.  The  peak  at  7.32 
ppm  was  assigned  to  the  aromatic  protons.  The  other  peaks  are  broad 
and  did  not  provide  a great  deal  of  information  about  the  structure 
of  the  polymer. 

Although  the  *H  NMR  spectrum  of  the  modified  polymers  did  not 
give  much  structural  Information,  the  13C  NMR  spectra  were  found  to 
be  very  useful.  The  13C  NMR  spectra  (Figure  35)  of  unmodified  and 
modified  cis-poly-l,4-butadiene  were  recorded  in  CDClj,  Py-dj  and 
OMSO-dj  for  comparison.  At  5%  and  10”  conversion,  the  spectra  were 
taken  in  CDClj  and  showed  small  peaks  for  CHj,  CH,  aromatic  and  car- 
bonyl carbons.  In  the  case  of  50%  conversion,  the  solubility  is  low, 
and  the  only  solvent  found  to  give  a useful  spectrum  was  Py-dj.  At 
100%  conversion,  the  modified  polymer  has  very  good  solubility  in 
DM50-dg,  and  the  spectrum  gave  very  useful  information  about  its 
structure.  The  assigned  peaks  are  In  agreement  with  the  assigned 
structure. 

The  intrinsic  viscosities  [n]  (Table  XXII)  of  unmodified  and  modi- 
fied cis-poly-1, 4-butadiene  were  measured  in  pyridine  at  30°C  by  the 
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ISO  160.  140  120  100  80  60  40  20  0 ppm 

Figure  35.  *H  decoupled  13C  NKR  (25  MHz)  spectra  of  unmodified 
and  modified  cis-1, 4-polybutadiene  with  S-(-)  CTO 
in  CDClj  and  0MS0-dg  at  25°C. 
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TABLE  XXII 

INTRINSIC  VISCOSITIES  OF  MODIFIED  CIS-P0LY-1,4-BUTADIENE 
IN  PYRIDINE  AT  30°C 
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dilution  method.  The  [n]  of  unmodified  polymer  in  pyridine  was  1.00 
dl/g,  whereas  that  of  102  modified  polymer  was  found  to  be  0.44  dl/g. 
In  general , the  [n]  decreases  as  the  percentage  of  the  incorporation 
of  the  polar  urazole  pendant  group  Increases.  This  is  due  to  the  in- 
tramolecular Interaction  between  the  urazole  moiety.  This  interaction 
causes  the  modified  polymers  to  contract  and  show  a drastic  change  in 
their  molecular  sizes. 

The  optical  rotations  (a)  of  modified  cis-poly-l,4-butadiene  were 
measured,  and  specific  rotations  ([0)545)  were  calculated  (Table 
XXIII).  The  Mgjjg  usually  increases  as  the  percentage  of  conversion 
increases.  Thus,  the  modified  polymers  are  optically  active  and  have 
a negative  rotation.  The  [0)545  of  m0llel  compound  121^  in  pyridine  was 
found  to  be  -17.2°,  and  the  polymer  modified  at  1002  conversion  showed 
a [0)545  -11-0°  in  the  same  solvent.  The  optical  rotations  of  cis- 
poly-1, 4-butadiene  at  100T  conversion  with  S-(-)  CTD  also  were  meas- 
ured in  CHgCl ,,  at  different  wavelengths  and  are  summarized  in  Table 

Syndiotactic-poly-l,2-butadiene  (M.P.  90°C)  and  polybutadiene- 
8511-1,2-  and  152-1,4-  content  (M.U.  2,000,  liquid)  were  also  modified 
with  S-(-)  CTD  119  at  1002  conversion  (Scheme  XXIX).  The  former  was 
also  modified  with  R-(+)  CTO  at  1002  conversion.  As  had  been  demon- 
strated before  with  the  model  compound  studies,  the  reactions  are  more 
complicated  in  this  case  and  presumably  lead  to  a mixture  of  compounds 
132  and  133.  Table  XXV  shows  the  reaction  conditions  and  results  ob- 
tained for  the  modification  of  1,2-polybutadiene  with  S-(-)  CTD. 


TABLE  XXIII 


Optical  Rotation  Measurement  of  Modified  Cis-Poly-1, 4-Butadiene 
% Conversion  Cone,  mg/ml  Solvent  a°  [a]|jjg 


10 


50 

100 

100 


5.00  Pyridine 

5.00  Pyridine 
5.10  Pyridine 

5.00  Pyridine 

5.00  Pyridine 

5.00  Pyridine 

10.00  THF 
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TABLE  XXIV 


Optical  Rotation  Measurement  of  Modified  Cis-Poly-l,4-8utad1ene 
With  S-(-)  CTO  at  100*  Conversion  in  CHjCl, 
at  Different  Wavelength  (c  ■ 5.0  x 10' 3 g/ml , l •'  l dec) 


0.094  -18.8 
0.111  -22.2 
0.131  -26.2 
0.222  -44.4 
0.260  -52.0 
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TABLE  XXV 

Modification  of  1,2-Polybutadiene  with  S-(-)  CTD 


1,2-Polybutadiene 
1,2-Polybutadiene  85X  Vinyl  1,2- 
Syndiotactic  Contents  (Liquid) 


Reaction  Time  (Hr) 
Solvent 
Temperature  °C 
Non-Solvent 
* Feed 

% Incorporated 
% Yield 
Tsa  (modified) 

M.S.  (unmodified) 


CH2C12 

40 

ether 

100 

91  (14.93) 

185“C 

90°C 


24 

CH2C12 

40 


92  (14.99) 
75 

167°C 


Rough  estimate  from  standard  Fisher-J 
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The  reaction  solvent  in  both  cases  was  CHgClg,  but  it  was  neces- 
sary to  heat  the  reaction  mixture  to  40°C  for  the  reactions  to  occur 
within  a reasonable  time  period.  Ether  was  found  to  be  a good  preci- 
pitant, and  a 75%  yield  was  obtained  after  purification.  The  amounts 
of  S-(-)  CTD  119  incorporated  in  these  cases  were  91%  and  92%,  respec- 
tively, based  on  nitrogen  analysis.  A drastic  increase  was  observed 
in  the  softening  points  of  the  modified  polymers,  as  expected  (Table 
XXV). 

The  infrared  spectra  of  the  modified  poly(l, 2-butadiene)  gave 
Information  similar  to  the  IR  spectra  of  the  corresponding  modified 

1.4- butadiones.  The  *H  NMR  spectrum  showed  a downfield  peak  for  the 
N-H  proton  of  the  urazole  moiety  and  a peak  at  about  7.0  ppm  for  the 
aromatic  protons.  The  other  peaks  are  broad  and  did  not  give  very 
much  information. 

The  13C  NMR  spectrum  (Figure  36)  of  100%  modified  syndiotactic 
poly-1, 2-butadiene  is  more  consistent  with  structure  133.  The  33C 
NMR  spectrum  of  the  unmodified  polymer  is  shown  also  for  comparison. 
The  3C  NMR  spectrum  (Figure  37)  of  the  modified  85%-l, 2-polybutadi- 
ene is  more  complicated  and  is  in  agreement  with  a mixture  of  struc- 
tures 131  and  133.  This  is  not  surprising  at  all , since  poly-1, 4- 
butadiene  reacts  faster  than  poly-1, 2-butadiene.  Therefore,  15%  of 

1.4-  will  react  first,  then  the  1,2-structure  will  react.  The  I3C 
NMR  spectrum  of  unmodified  85%-l, 2-polybutadiene  in  CDC1 3 is  shown 
for  comparison.  The  33C  NMR  data  of  the  modified  1,2-polybutadienes 
are  given  in  Tables  XXVI  and  XXVII. 
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H decoupled  “c  NKR  (25  MHz)  spectra  cf 
unmodified  and  modified  85%-poly-l ,2-buta- 
diene  in  CDC1-  and  DMSO-d, , respectively. 


161 


TABLE  XXVI 

13C  NMR  Data8  for  Modified  Syndiotactic-Poly-1 ,2-Butadiene 
With  S-(-)  CTO 


Carbon 


Chemical  Shift,  ppm 


Chemical  Shift,  ppm 
127.96 
128.20 
140.34 
141.22 
142.19 
152.62 
153.06 


Solvent 


Int.  Ref.  OMSO-d 


Temperature  50®C. 
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a Solvent  OMSO-c 


Some  physical  properties  of  1,2-polybutadienes  modified  with 
S-(-)  CTO  were  studied  and  are  shown  in  Table  XXVIII.  In  both  cases, 
the  modified  polymers  are  white,  fluffy  powders.  The  unmodified  syn- 
diotactic-poly-1, 2-butadiene  has  [n]  = 1.38  dl/g  In  THF.  The  modified 
polymer  showed  [n]  = 0.35  dl/g  in  THF.  This  drastic  decrease  in  [n], 
as  was  discussed  previously,  is  due  to  contraction  of  the  polymer 
chains  by  intramolecular  interaction.  The  1,2-modified  polymers  are 
optically  active  and  have  [a]p®  -20° and  -22.8°,  respectively,  in 
CHjClj.  The  modified  polymers  are  usually  soluble  in  polar  solvents 
like  DMSO,  THF,  DMF,  pyridine,  etc.  and  in  inorganic  and  organic 
bases.  They  are  Insoluble  in  benzene,  ether,  CCl^,  etc. 

The  syndiotactic-poly-1, 2-butadiene  was  also  modified  with  R- 
(+J-CTD,  and  the  polymers  have  properties  similar  to  the  above  men- 
tioned modified  polymers.  They  are  optically  active,  and  their  op- 
tical rotations  were  measured  in  CH-C1-  at  different  wavelengths 
(Table  XXIX). 

Summary  and  Conclusions 

In  the  first  part  of  this  investigation,  it  was  shown  that  the 
methyl  urethane  derivative  of  isoeugenol  undergoes  reaction  with 
PhTD  and  MeTD.  These  reactions  are  exothermic,  fast  and  occur  at  am- 
bient temperature.  These  reactions  also  are  stereoselective  and  lead 
to  only  one  adduct,  namely  Diels-Alder-ene  adduct.  These  two  reac- 
tions served  as  model  reactions  for  the  polymerization  study. 

After  complete  characterization  and  identification  of  the  model 
compounds,  the  reactions  between  bis-triazolinediones  and  the  methyl 
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TABLE  XXIX 


Optical  Rotation  Measurement  of  Modified  Syndiotactic-Poly-1,2- 
Butadiene  With  R-(+)  CTO  at  100*  Conversion  in  CH2C12 
at  Different  Wavelengths  (C  = 5.0 x 10"3  g/m,  1 a 1 dec) 


+ 0.098  + 19.6 
+ 0.112  + 22.4 
+ 0.134  + 26.8 
+ 0.223  + 44.6 


633 

546 

435 


urethane  derivative  of  isoeugenol  were  Investigated.  The  reactions 
took  place  at  room  temperature  and  yielded  alternating  copolymers. 
From  the  spectral  evidence  and  comparison  with  the  model  compounds, 
it  became  clear  that  these  copolymers  have  Diels-Alder-ene  repeating 
units  in  their  structure.  The  copolymers  are  white  solids  with  high 
thermal  stability. 

Thus,  it  can  be  concluded  that  isoeugenol  reacts  rapidly  with 
bls-trlazolinediones  and  yields  Diels-Alder-ene  copolymers.  There- 
fore, it  is  potentially  a suitable  plasticizer  for  the  development 
of  a new  elastomeric  impression  material  using  a bis-triazolinedione 
as  a crosslinking  agent. 

In  the  second  part  of  this  research,  optically  pure  triazollne- 
diones  were  synthesized.  These  triazolinediones  are  stable  in  sol- 
vents such  as  acetone,  C^Clg  and  toluene  but  slowly  decompose  in 
solvents  such  as  DMSO,  DHF  and  THF.  The  pseudo  first-order  kinetics 
for  such  decomposition  were  studied,  and  the  half-lives  of  S-(-)  CTD 

respectively.  In  the  cases  of  DMF  and  DMSO,  such  decomposition  prob- 
ably occurs  via  dimerization,  but  in  THF,  it  reacts  with  THF  via  a 
hydrogen  abstraction  and  addition  reaction.  The  product  was  isolated 
and  fully  characterized.  The  reaction  is  not  stereospecific  and 
yielded  the  SR  and  SS  diastereoisomers  in  about  a 50:50  ratio.  Evi- 
dence for  such  a product  was  provided  by  the  NMR  study. 

Two  model  compounds  were  made  by  reaction  of  optically  pure  tri- 
azolinedione  with  olefins  and  served  as  models  for  the  polymer  modi- 
fication. An  X-ray  analysis  of  a brominated  model  compound  showed 


167 


that  no  racemization  had  occurred  during  the  course  of  the  seven-step 
synthesis.  It  also  confirmed  the  existence  of  intramolecular  hydro- 
gen bonding. 

The  ene  reaction  of  optically  active  pure  trlazollnedione  with 
polybutadione  yielded  optically  active  polymers.  The  degree  of  con- 
version can  vary  from  5”  or  lower  up  to  925! . In  the  case  of  1,4- 
polybutadiene,  reaction  occurs  at  room  temperature.  The  physical 
properties  of  the  polymers  change  from  secondary  crosslinking  effects 
or  elasticity  at  low  degrees  of  conversion  (up  to  20S),  to  rigid, 
amorphous  polymers  with  high  softening  points  at  high  degrees  of  con- 
version. The  modified  polymers  are  more  soluble  in  more  polar  sol- 
vents. The  intrinsic  viscosity  of  the  modified  polymers  decreases 
as  the  percent  conversion  increases.  This  is  due  to  intramolecular 
interaction  between  the  urazole  pendant  groups.  Evidence  for  such 
intra-  and  intermolecular  interactions  was  given  by  X-ray  analysis 
and  an  infrared  spectroscopy  study.  For  the  structural  determination, 
13C  NMR  spectroscopy  provided  very  useful  information. 

From  the  above,  it  can  be  concluded  that  a wide  variety  of  op- 
tically active  pure  triazolinediones  can  be  synthesized,  and  their 
ene  reactions  with  homopolymers  and  copolymers  containing  allylic  hy- 
drogen yield  optically  active  polymers  with  different  degrees  of  con- 
version. These  polymers  have  different  physical  properties  and  po- 
tentially can  be  used  as  optically  active  ion-exchange  materials  if 
suitably  crosslinked. 
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